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SOFTWARE DELIVERY DOCUMENTATION

This document describes the media and format on which the source code and
object code of the CPCI tilted “Digital Wind Sensor Application Program", CPIN B3M-
FMQ13-F002-00A is delivered. Both types of code are delivered on a 5.25 inch, double
sided, double density lloppy disk with a formated capacity of 360K bytes.

The source code resides on one floppy disk. The disk is formated into nine
sectors per track with 40 tracks per side, yielding a total of 80 tracks. Each record is
512 bytes. Source code is accessed by block number using the target compiler disk "
Digital Wind Measuring System Target Compiler”, CPIN 83M-FMQI13-F003-00A.

The object code resides one floppy disk. The disk format is nine sectors per track
with 40 tracks per side, yielding a total of 80 tracks. The record is MS-DOS
compatible. The object code is provided in three different formats in three separate
files. The file "SENSOR.BIN" is a memory image of the program in binary format.
The [ile "SENSOR.HEX" provides the object code in Intel Hex Format. The [ile
"SENSOR.ASC" is an ASCII listing of the object code.

These floppies should be protected from dust and contamination. le1¢ [loppies
should not be folded or otherwise deformed. Care should be taken to avoid exXposure
to intense magnetic fields.
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I. INVENTORY

1'I'hc following table provides a list all items covered by the CPCI number
and version. In addition all utility and/or support computer program release
documents which are not part of the released item but which are required to operate
load, or regenerate the released CPCI are listed with the quantity marked as "REF". '

INVENTORY LIST

ITEM QTY DESCRIFTION

2 DISK, 3.25" FLOPPY, PROGRAM SOURCE CODE
DISK, 525" FLOPPY, PROGRAM OBJECT CODE
LISTING, PAPER COPY, SOURCE CODE
LISTING, PAPER COPY, OBIECT CODE
SPECIFICATION, CPCI
DOCUMENT, SOFTWARE DELIVEEY
DOCUMENT, VERSION DESCRIPTION
REF COMPILER, "DIGITAL WIND MEASURING SYSTEM
TARGET COMPILER" CPIN 8IM-FMQ13-FO03-00A
EEF MANUAL, "polyFORTH 11 REFERENCE MANUAL"
0 REF MANUAL, "INTEL 28086 CPU Supplement to the
polyFORTH II Reference Manual”
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2. INVENTORY OF CPCI CONTENTS

The CPCI being released is titled " Digital Wind Sensor Application Program”,
CPIN 83M-FMQI13-F002-00A. This is the operational program that runs the ML-
660/FMQ-13(V) Standard Wind Direction and Specd Sensor and the ML-660A/FMQ-
13(V) Rugged Wind Direction and Speed Sensor. This program resides in one 128K bit
(16K by & bits) EPROM. A description of the program, source code and object code
listings, and charts of the program are documented in CPCI specification titled
"Computer Program Specification for the AN/FMQ-13(V) Digital Wind Scnsar
Application Program” supplied with this release.

The object code is provided in three different formats in three separate files.
The file "SENSOR.BIN" is a memory image of the program in binary format. The file
"SENSOR.HEX" provides the object code in Intel Hex Format. The file
"SENSOR.ACS" is an ASCII listing of the object code. A paper copy listing of the
Intel Hex format and the ASCII format is provided with this release.
3. CLASS II CHANGES INSTALLED

This is the initial release of this program. As such it has no class H changes.

4. CLASS I CHANGES INSTALLED

This is the initial release of this program. As such it has no class [ changes.







5. ADAPTATION DATA

This program does not require any adaptation data.

6. INSTALLATION INSTRUCTIONS

This is the operational program that runs the ML-660/FMQ-13(V) Standard Wind
Direction and Speed Sensor and the ML-660A/FMQ-13(V) Rugged Wind Direction and
Speed Sensor. This program resides in one 128K bit (16K by 8 bits) EPROM. The
program 15 delivered with each sensor as firmware., This EPROM resides on a PCBA
referred to as the Micro-B board (P/N 66733AS85Y6461-1041). The EPROM is not a
field replaceable item. Due to the unique characterization data conteained in the
EPROM of each sensor the EPROMs are not interchangable with other sensors. If
required for depot maintenance a new EPROM may be generated by re-characterizing
the sensor in a wind tunnel using approved test procedures. These test procedures can
be found in Section IT of Chapter 5 of the Maintenance Manual TO-31MI-FMQ13-2.
The program code for each sensor is the same. The data tables lfor cach sensor are
unique. Equipment for collecting the chacterization data and programing the EFROM
data tables is provided as ground support cquipment,
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1. SCOPE

.T.his specification establishes the requirements for complete identification of the
Digital Wind Sensor Application Program (CPIN 83M-FMQ13-F002-00A) to be formally
accepted by the procuring activity., This CPCI is the operation program for the ML-
660/FMQ-13(V) Standard Wind Direction and Speed Sensor ML-660A /FMQ-13(V)
Rugged Wind Direction and Speed Sensor, referred to herealter as the sensor. This
documentation was prepared in accordance with Data Item Description DI-E-30145
and MIL-STD-483. The program was developed in accordance with MIL-STD-1679 to

the extent specified in paragraph 3.3.11 of Engincering Performance Specification
MMA-81-025B,

2. APPLICABLE DOCUMENTS
Specifications

Other specifications

MMA 81-0258 22 Apr 85 Engincering Performance Specification for
a Wind Measuring System

STANDARDS

Federal

FED-STD-1010 11 Aug 77 Telecommunications: Bit Sequencing of
American National Standard Code for
Information Interchange (ASCII) in Serial
by Bit Data Transmission

FED-5TD-1011 11 Aug 77 Telecommunications: Character Structure
and Character Parity Sense for Serial by
Bit Data Communication in the American
National Standard Code [or Information
Interchange (ASCII)

FED-5TD-1020 24 Sep 75 Telecommunications: Electrical
Characteristics of Balanced Voltage Digital
Interface Circuils

FED-STD-1030A 31 Jan 80 Telecommunicatien: Elecctrical
Characteristics of Unbalanced Voltage
Digital Interface Circuits

Military

MIL-STD-129H 3 Jan 78 Marking for Shipment and Storage

Thru Notice 2 I Jul 80




MIL-STD-130F

MIL-STD-143B

MIL-STD-188C
Notice 2

MIL-5TD-188-114
MIL-STD-188-120
MIL-S8TD-470
MIL-5TD-453

MIL-STD-471A

MIL-STD-1472C

MIL-C-1679
Data [tem Description

DI-E-30145

3. REQUIREMENTS

21 Apr 82

12 Mov 65

24 Nov 69

17 Nov 76

24 Mar 78

15 May 76

2] Mar 66

21 Mar 79

27 Mar 73

10 May 84

1 Dec 78

9 May 76

30 GENERAL DESCRIPTION

Identification Marking of US Military
Property

Standards and Specifications, Order of
Pr‘cg‘crcncc for the Selection of

Military Communication System Thru
Technical Standards

Electrical Characteristics of Digital
Interface Circuits

Military Communications System Standards
and Definitions

Maintainability Program Requirements
Configuration Management Practices for
Systems, Equipment, Munitions, and

Camputer Programs

Maintainability
Verilication/Demonstration/Evaluation

Human Engineering Design Criteria for
Military Systems, Equipment & Facilities

Weapon System Software Development

Computer Software/Computer
Program/Computer Data Base
Configuration Item(s)

The Digital Wind Sensor Application Program provides sequencing, control, and data
processing capabilities to: 1) sample wind speed and direcction values, 2) process the
wind data to obtain desired direction and speed outputs. The program also has a
number of built-in tests (BITs) to assure reliable operation. An overview ol the system
is provided below to describe the functional relationship between the assemblies which
comprise the system. A block diagram is shown in Figure I, (Figures | through 25 are
located in a seperate bond section titled " Charts and Figures for the ANJFEMQ-13(V)
Digital Wind Snesor Application Program (DWG # 8200-1013)".




3.0.1 Swvstem Assemblics

The wind measuring system is comprised of three assemblies: 1) sensor, 2) indicator,

and 3) recorder. A system can be comprised of these assemblies in various
combinations ranging from one to four sensors and from one to sixteen indicators or
recorders as specified in MMA B81-25B, paragraph 3.1.1. The sensor measures the
direction and speed of the wind and provides these measurements as 5-second
averages. (The indicator and recorder is controlled by its own microprocessor. The
CPCI for the indicator and recorder is described in a separate specification.) The
indicator displays various wind parameters which the application program computes
from the sensor data. The recorder displays and prints wind parameters computed
from the sensor data,
The sensor is a solid state wind measuring device which js controlled by a
microprocessor which collects wind direction and speed infirmation and proceesses this
infomation into 5-second averages. These five second average values are the output of
the sensor assembly. The next few paragraghs provide a brief theory of operation for
the sensor.

3.0.2 Sensgr Theory of Opreation

The anemometer for the Air Force AN/FMQ-13(V) wind measuring set, is a
thermodynamic anemometer. It uses heat transfer to measure wind velocity instead of
using moving parts. This gives very high sensitivity to low speed winds and yet
maintains the ruggedness to survive and measure high winds,

The sensor consists of two orthogonal, thick-film platinum element pairs
surrounded by a protective cage. The elements arc maintained above ambient
temperature at a precisc overheat. As the wind blows, an increasing amount of energy
is required to maintain the elements at the clevated temperature. The energy required
provides a measure of the wind speed. A microprocessor constantly monitors the
cnergy used in heating the elements as well as the environmental parameters of
temperature and pressure to compute the wind velocity.

The sensor element consists of a ceramic tube covered with a platinum film coated
with glass. Two sensor elements are bonded together to make one of the two element
pairs. Platinum is a stable metal with a significant tcmperature coefficient. The
stability of the platinum is important to ensure the long term stability of the wind
sensor. The glass provides a protective coating for the platinum to prevent
contamination from occurring.

The pair of elements is needed for each axis in order to determine direction. As can
be seen, the pair is bonded together in a way which prevents air [low between the
individual elements. The windward element experiences n greater heat loss than the
lceward element. This allows the direction of Flow to be determined with no
ambiguities.




In order to obtain the high accuracies required, both the temperature sensor and the
elements are characterized in a temperature bath, These characterization data,
coupled with the precision circuitry, allow measuring the temperature sensor to an
accuracy of 0.05 degree C. Element temperature may be set to 0.1 degree C. Without
this characterization of the elements and temperature Sensor, errors in the overheat of
up to 7 degrees C could result, This is due to tolerances in the manufacturing process
for the elements and temperature sensors, With an overheat of 100 degrees C, this
would résult in a 14 percent error

The wind speed is not only dependent on overheat and heat loss but is alse
dependent upon the properties of the air flowing across the sensor, namely, the air
density, thermal conductivity, and heat capacity. These properties are dependent upon
the atmospheric parameters of barometric pressure, temperature, and relative
humidity. OF these, barometric pressure can have the greatest impact. The density of
air is directly proportional to the barometric pressure therefore if the barometric
pressure doubles, the density doubles. Barometric pressure changes with clevation and
with the weather. The standard atmospheric pressure at sea level is 1013 millibars.
At 5000 feet it is 840 millibars, a 21% difference. At 10,000 feet the pressure is 700
mb, a 43% diflerence, Ewven changes in barometric pressure due to the weather can be
on the order of 2 to 3 percent. The FMQ-13{V) sensor compensates for this factor by
measuring the barometric pressure and correcting the wind speed output accordingly.

The parameter with the next largest impact is temperature. Even though
temperature can have an impact of up to 20 percent on the individual components, it
changes the product of air density, thermdl conductivity, and heat capacity by |ess
that 3 percent. Since this change is known and based upon the ambient température
which the sensor already measures, it is able to compensate for the changes.

The impact of relative humidity upon these variables is relatively small. At 25
degrees C a change in relative humidity from 0% to 100% aflects their product by less
than 0.3 percent and at 35 degrees C it is anly 0.45 percent. Thus, humidity's el Tect is
minimal and is presently ignored.

To completely compensate for these effects and to compensate for the individuality
of each sensor, a microprocessor is used. The microprocessor makes it possible to
obtain the high accuracy levels the sensor achieves and it gives a large degree of
freedom in the operation of the sensor. The FMO-13(V) sensor provides a serial
digital output which means that there are no errors in accuracy introduced by the
device reading the sensor.




3.0.3 Sensor Hardware

Figu_r; 3-1 is an block diagram of the wind sensar circuitry. The element driver’s
are critical to the level of performance achieved with this technology. They will be
deseribed in detail first.

3.0.3.1 Element Driver Subsystem

The circuitry used to drive the elements (Figure 3-2) provides a means to both
maintain an element at a set temperature and to sense the power required to maintain
the temperature. Since the element has a significant temperature coefficient to its
resistance, the temperature of the element can be determined from its resistance.
Therefore in order to maintain a set temperature, one only needs to maintain a set
resistance. The power applied to the element is V¥/R where V is the voltage across
the element and R is the resistance of the element. Since platinum has a positive
temperature coefficient, increasing the voltage across the element increases the power
applied to it which increases its tempcerature and thercfore its resistance. To measure
the element’s resistance, we place a resistor of known value in series with it. When
the voltage across the reference resistor (VR REF), its resistance (R), and the voltage
across the element (V ELEMENT), are known, the clement’s resistance (RE) can be
determined by the equation:

V_ELEMENT
RE = (VR REF) / R

The power amplifier in the circuit ensures that V ELEMENT = N (VR REF). Nisa
value determined by the microprocessor. As can be seen from Equation 2, it is
important to know the element's temperature accurately, but not only is it important
to know the temperature, the microprocessor has to be able to set it accuratcly in fine
steps. This 15 because the two clements are physically joined as a pair. If one element
is at a higher temperature than the other then there would be heat flow between the
¢lements and the wind reading would be corrupted. The voltage multiplving circuit
allows the temperature of the clement to be set to within 0.1°C,

Since V ELEMENT = N(VR REF) then RE = N(R). Since R is known and N is set
by the microprocessor, RE is known. If ¥V ELEMENT is measured then the power
applied to the element is (V ELEMENT)?/RE. The sensor enable switch is turned off
whenever the microprocessor is reset. This is a failsafe protection feature to ensure
that a valid value for N is always used.

The element driver circuit provides the means to sct the element temperature but in
order to set the overheat, the ambient temperature must be known. The temperature
circuit (Figure 3-3) provides the means to measure the temperature o o resolution of
0.04%C. The temperature sensor is a positive temperature coefficient resistor, The
temperature sensor driver biases the temperature sensor with a low level signal in
order not to cause self-heating. It provides a VT REF output to indicate the drive
level, The temperature conditioning circuit amplifies the output up to a level
appropriate [or the measurement section.




3.0.3.2 Barometric Subsystem

The barometric pressure is measured using a strain gage type of pressure transducer.,
This transducer is coupled to a instrumentation amplifier for exitation and an op amp
for signal conditioning. The output of the pressure scnsor is directly proportional air
pressurc. This output is conected to the A/D converter or the measurement subsystem
described below,

3.0.3.2 Measurement Subsystem

The measurement secction (Figure 3-4) provides the ability to measure voltage,
frequency and time. The Data Acquisition System (DAS) consists of a multiplexer, a
sample and hold, its own internal clock, its own voltage reference, and the analog to
digital converter (A/D). The DAS provides the ability to measure the voltages from
the element driver circuits, from the temperature circuit, and from power supply
monitors. The A/D status allows the microprocessor to know when the A/D has
completed its conversion. The counter provides timing interrupts (NMI) to the
microprocessor. The NMI Enable switch ensures that the microprocessor receives ng
timing interrupts after a reset until it has configured its interrupt vectors. This 15
required since the state of the timing eircuit is undefined on power up.

3.0.3.3 Communication Subsystem

The communications section is lairly straight forward. The microprocessor
communicates to other assemblies through the communication section. The UART
transforms the CPU's data into and from the 1200 BAUD serial bit stream required
for interassembly communication. The DR and INTR lines interrupt the CPU upon
receiving data and upon completion of the transmission of darta.

3.0.3.4 Control/Status Subsystem

Figure 3-5 is the block diagram for the control/status section, The status register
allows the microprocessor to determine the sensor’s ID and whether the barometric
pressure phase locked loop is locked., The control register is how the microprocessor
sets the MUX address, enables the sensor, cnables the barometric circuit and enables
the timing interrupts. The control register is reset upon power up and if the watchdog
timer resets the microprocessor. This ensures that the sensor elements are disabled
unless the microprocessor is functioning properly.

3.0.3.5 CPU Subsystem

The CPU section shown in Figure 3-6 contains the microprocessor and the support
functions it requires to function properly. These are a clock generator, memory (RAM
and ROM), chip selects for both Memory and 1/0 space, an interrupt controller, and
buffer for the 1/O busses. The buffer between the CPU and I/O busses helps keep the
digital noise of the CPU out of the analog circuitry of the element drivers. The
watchdog timer ensures that the CPU is functioning properly. The watchdog timer
requires that the CPU reset it periodically or the watchdog will reset the CPU. This
cnsures that the CPU is functioning properly.




3.04 Inter-Assemhbly Communicatians

All the assemblies communicate with each other via an inter-assembly
communications network consisting of cabling between the separate units over which
serial digital information is transmitted. This network forms a broadcast bus which
means information from one assembly will broadcast to all other assemblies
simultancously over the same physical link. The protoeol, which BOVErNs access to the
network, incorporates a master control unit. This master unit, which is switch
selectable and can be either an indicator or recorder, polls the sensors for the latest
data every 5 scconds. When a sensor is polled it transmits the latest 5-second wind
sample three (3) times. This will give each receiving assembly three {3) chances ta
acquire the data, Each assembly processes the data as soon as it js received, If the
master unit does not receive a response or receives a corrupted résponse it will repoll
the sensor. Sensor assemblies listen to the communications on the network and
response with an output if the identification code of the poll request matches the
identification code of the sensor.

30.5 Programming Languase

The Digital Wind Sensor Application Program is written in the programming
language known as FORTH. This particular form of FORTH js called polyFORTH.
One of the attributes of polyFORTH is its multi-tasking capabilities. Multi-tasking
provides a means of supporting several processing tasks concurrently. This is
accomplished by using a round-robin control structure which allows each programming
task an opportunity to process data as the need arises. If a task does not have any
current need to process data, it is by-passed as the round-robin control progresses.
Multi-tasking improves the processing efficiency of the system.

3.1 CPCISTREUCTURAL DESCRIPTION

There are-eight (5) major components of the Digital Sensor Application Program.
These components are:

1} Analog Data Input and Output (ADIO):

2) Wind Data Processing (WDP):

3) Inter-Assembly Communications (IAC):

4)  Built In Test (BIT);

5) Start-Up and Recovery Routines (STUR).

An allocation of function matrix is provided by Table L




TABLE 1
ALLOCATION OF FUNCTION MATRIX

Analog Inter- Wind
Data Assembly  Data
Input/ Comm Process BIT  Startup

Output Task Task Task Recovery

Sequénce

Caontrol *

I/O Control * *

Data

Processing = b

Error

Detection * » * * *
Real Time

Diagnostics * * * ¥ *
Fault

Recovery "

3.2 FUNCTIONAL FLOW DIAGRAMS/CHARTS

Functional diagrams of control and data [low are provided in Figures 2 and 3
respectively,

3.2.1 nirol Functional Flow Diagram

Many of the program functions arc implemented at fixed time intervals. Sequencing
control is provided by the counter and the NMI interrupt handler. The counter
provide and interrupt every quarter second. This handler maintains couters and sets
flags that enable other processes at regular fixed intervals. The Analog Data
Input/Qutput routine is enabled every quarter second. The Wind Data Processing
routine is cnabled by the Analog Data Input/Output routine. The Inter-Assembly
Communication routine can support interrupts from the network input/output (I/0)
port. Figure 2 provides a diagram of the control relations between the various CPCs,




3.2.2 Data Flow Diasram

A diagram depicting data flow is given in Figure 3. This diagram shows the input
data collected by the ADIO routine as quarter second samples from cach element. The
samples are the summation of four samples from each of the four elements collected
every 0.25 seconds. These A/D counts are converted to power rcadings and then to
power differences between the two element pairs. These pwere didferences are used
in a table lookup operation to determine the quarter second values of velocity, These
velocities are scaled by a factor of 128, (ie. | knot = 128). Ewvery second the latest
four quarter second velocity values are averged to form a one second averge value aof
wind velocity, one for each axis. These one second X and ¥ averages arc converted to
polar form of speed and angle. In this form the one second values are compensated
for the magnitude and angle errors unique to each sensor and recorded as part of the
characterization process during manufacture process. The magnitude i5 then
compensited for air density and temperature. Afetr being compensated the one second
average values are converted back to X and Y components. The latest one second
values are then placed into a [ive position queue containing the latest five one second
values. These five values are maintained for each axis and are used to produce the
final five second average which is the sensor output.

3.3 INTERFACES

The following paragraphs describe the interfaces of the microprocessar system of
the sensor. This includes the protocol used for interprocessor communication,
hereafter referred to as inter-assembly communications.

3.3.1 The Sensor Microprocessor Svstem

The sensor assembly is comprised of an 8088 microprocessor with 2 Kbytes of RAM,
16 Kbytes of EPROM, a programmable timer, a watch dog timer, and two
input/output (I/0) interfaces; (1) Inter-Assembly Communication, (2) Analog Data
Input/Output. Figures 4 and 5 show the memory map and I/O device register map,
respectively.

3.3.1.1 Inter-Assembly Communication Interface

The inter-assembly interface is provided by the 82C352 CMOS Serial Controller
Interface intergated circuit (IC). This IC provides the functions of a universal
asynchronuos receiver/transmitter (UART) and buad rate generator (BRG). This
interface is locatred in memory at location 4000(H). There are four registers in the
82C52. The receiver/transmitter register is located at 4000(H) and is referenced by
the constant comm/tr. The UART control and status register (UCR and USR) sets the
word length, parity, and number of stop bits and monitors the status of the receive
condition error { {raming, parity, and overrun) and the state of the enabled interrupt
signals. The USR and UCR is referenced by the constant comm/csr and references
address 4001(H). The modem control register (MCR) provides control of the modem
control lines {(request-to-send, data terminal ready) and allows the cngblmg of
interrurpts. This register is refenced by the constant comm/mer which is assigned the
value of 4002(H)., The modem status register (MSR) provides the status of the modem
control lines, This register is referenced by the constant comm/msr which is assigned
the value of 4003(H). The buad rate is set at 1200, with § data bits, 1 stop bit and no

parity.




3.3.1.2 Analog Data Input/Output Interface

; The Analog Da:g Input/Output Interface is comprised of two separate 12-bit
1:315:rface.s: (1) the interface for the Data Acquisition System, (2) interface for the
digital-to-analog converter.

3.3.1.2.1 Data Acquisition System Interface

The Data Acquisistion System (DAS) is located in memory at location 8000(H) and
has three registers. The first register is located at 8000(H) and is referenced by the
constant ad/mx/msb. The DAS has eight input channels, The desired channel is set
by writing to the multiplixer (MUX) which is interface to the first three bits of the
ad/mx/msb. The remaining bits of this regster are used to control several sepcrate
devices and aer listed in Table IL Reading form the ad/mx/msb register returns the
most significant byte (MSB) of the 12-bit input. The secand register is the data
register for the least significant byte (LSB) of the 12-bit input. It is located at address
800! and is referenced by the constant ad/Isb. Reading this register returns the lower
4 bits of the 12-bit input. These bits are returned in the upper nibble position. The
full 12-bits of input data are recovered by reading in the mbs, moving the msb to the
msb position of one of the 16 bit registers of the R08S microprocessor, reading in the
Isb into the lower byte of the same register. Shifting the combined results four bits to
the right will return the 12-bit value in normal position. The third register is a
control register for the DAS and a status for several miscellaneous status inputs. This
register is located at address 8002 and is referenced by the constant ad/esr. Writing to
this register starts the DAS conversion process. Reading this register returns the status
of several lines which are defined in Table 111,

3.3.1.2.2 Digtal to Analog Interface

Four 12-bit digital to analog converts (DAC) are used to provide the input set point
to the element driver circuits. These DACs are located in the I/O memory at 16 byte
intervals starting at location 00. The first and second byte aof each 16 byte interval
arc the MSB and LSB fo the 12-bit DAC output, respectively. These locations are
referenced by the constants da/msb and da/lsh, respectively, Output data are
preloaded to each DAC by writing the data out to the individual I}.fu‘:s_ The output
values are loaded into the DACs and a conversion commenced by writing to the DAC
control register located in I/O memory at address 40(H). All DACs are loaded and
enabled at the same time when the control register, referenced as da/csr, is accessed in
a write operation.

3.3.1.3 Programmable Timer Interface
Interval timingis provided by the 8254 Programmable Interval Timer IC. This 1C

provides three 16-bit counters each with siw modes of upcfration. The counter is
located in memory at address 6000(H). The three counter rcgisters
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TABLE II

AD/MX/MSB BIT ASSIGNMENTS
(WRITE OPERATION)

BIT# SIGNAL NAME FUNCTION

0 MUX0 MUX CHANNEL SELECT LINE
I MUX1 MUX CHANNEL SELECT LINE
2 MUX2 MUX CHANNEL SELECT LINE
i SENSOR ENABLE ENABLE ELEMENT DRIVERS
5 - -

6 NMI DISABLE* ENABLE NMI INTERRUPTS

7 HEATER ENABLE ENABLE THE HEATER

TABLE III
AD/CSR BIT ASSIGNMENTS

BIT# SIGNAL NAME FUNCTION

0 SENSOR 1D 0 SENSOR 1D BIT 0

I SENSCR ID | SENSOR 1D BIT |

2 = -

3 - -

4 5 -

5 1104220 100/220 AC YVOLTAGE SENSE BIT
6

7

POWER SUPPLY POER SUPPLY STATUS BIT

11




are located in consecutive locations starting at 6000(H) and are reference by the
constant cel, cel, and ce2. The control register is located at 6003(H) and is referenced
bvy the constant ckesr. The timer is intitialized for mode 2 operation which produces
4 sguare wave output. The frequency of the square wave is determined by the input
frequency to the counter and the counter start point value, The input clock frequecy
caomes from the UART clock output which is set at 19200 Hz. The desired output
frequency is 4 Hz to produce regular quarter second interrupts. The counter start
point is 4800(D). The counter starts at 4800 and counters down to 2400 at a rate of
one count every 52 usec, (1/19200) changes the state of the output'and counts down to
zero at which point the output changes state again. At zero the count point is
automatically reloaded and the process repeats. AN NMI interrupt is generated with
each low to high transition of the counter output,

3.3.1.4 Watch Dog Timer Interface

The sensor uses a timer ciruit to reset the micropressor if the program fails to
service the timer at regular intervals of approximately 0.2 seconds. The interface to
this watch dog timer is a write only register located in the I/D memory at address
location 50(H). This location is accessed as part of the built-in-test (BIT) routines,
The timer is referenced by the constant watchdog.

3.3.2 Inter-Assembly Communication Protocol

Inter-assembly communication is accomplished using a shared multi-drop serial data
link configuration. Data transmission is actomplished using Bell 202 compatible FSK
techniques. Asynchronous serial data transmissions occur at a 1200 baud rate over a
physical network comprised of a single pair of wires (2 wires) connected to each
assembly. Each character frame consists of 1 start bit, 1 stop bit, and 8 data bits with
no parity generation. This signal format is used to transmit messages between the
assemblies. The general protocol uses a central control element to govern the use of
the network. This controller is referred to as the master assembly. The master
assembly has the responsibility of polling the sensors every five (5) seconds. There is
only one MASTER assembly allowed in a system. A polling session starts every 5
seconds and commences with a poll request to sensor ID#-1. {The sensor ID#s are
established by jumper setting in the sensor assembly. Sensor ID#s must be assigned
starting with with ID#-1 and running consccutively up to a2 maximum of four for
inter-assembly communications to work properly.) When sensor #| receives the poll
request it transmits the latest S-second average X and Y wind values three times. This
poll response and all inter-assembly transmissions are broadecast aver the network to
all assemblies to receive. After the master receives the poll response rom sensor #1 it
polls sensor #2. This process continues until each sensor in the system is polled. The
"number of sensor” (NSNR) jumpers on the indicator/recaorder assembly establish how
many sensors will be polled by the MASTER. There are several negative gcknnwl_cdgc
and redundancy schemes used in the protocol which is described in detail in
paragraph 3.10.2.
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TABLE IV
INTER-ASSEMBLY OPCODE BIT

BIT# DESCRIPTION

OFPCODE BIT 0

OFPCODE BIT |

OPCODE BIT 2

BACK UP OPCODE BIT
SENSOR ID BIT 0
SENSOR ID BIT 1
ACTIVE SENSOR ID BIT ¢
ACTIVE SENSOR ID BIT |

b L= AR W PR N R s |

TABLE ¥
INTER-ASSEMBLY OPCODES

0 - Tllegal Code

1 - Poll

2 - Repoll F
3 - Poll Response ;ﬂb

4 - Repoll Responsc .
5 - (unassigned) N
6 - (unassigned) v
7 - {unassigned) £

8 - (upassigned)
9 - Backup Poll .gf}
A - Backup Repoll

B - Baskup-Bepal

C - Backup Repoll Response
D - (unassigned)

E - (unassigned)

F - Master Take Qver
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3.3.2.1 Inter-Assembly Communication Message Format

The protocol uses message packets to exchange information between assemblies,
Each message is framed by control character pairs (DLE STX and DLE ETX) and has
a 16-bit cyclic redundancy check (CRC) number affixed to the end of the message for
error checking as shown here:

DLE, STX, MESSAGE, DLE, ETX, CRC, CRC

3.3.2.1.1 Inter-Assembly Communication Opcode

Each message contains an Opcode as well as data. The Opcode character has
cight bits of which only four are used for the actual operation code. The other four
bits are used for identification purposes. Two bits are used to indicate the active
sensor number and two bits are used for the sensor ID number. These bit assignments
are provided in Table IV. The format of the Opcode character and a list of the codes
are provided in Table V.

3.3.2.1.2 Inter-Assembly Communication Message Data

The information contained in the data field of a poll request sent by the master
assembly is a modulo 16 poll count used by all the assemblies to track the sequence of
poll requests and poll responses between the master and the sensors. Use of the poll
count is described further in paragraph 3.10.2.2.4, A scnsor response data field
consists of wind data, sensor status, and an ccho of the poll count received with the
poll request from the master assembly. Normally, four bytes of wind data are
transmitted. However, if the data value is the same as a DLE, then a second DLE
character is sent to indicate that the first DLE was a data value and not a control
character (e.g. DLE, ETX or DLE, STX). This provides a "transparency” of a DLE
value occurring in the data field. In worst case this could produce ecight bytes of
wind data values.

3.3.2.1.3 Inter-Assembly Communication Message Timing
Communications are carried out using 1200 baud as the transmit and rcceive rate.
This works out to be 8.33 milliseconds/character. Using this rate a poll request takes
66.64 milliseconds to send the following eight bytes of information:
DLE, STX, OPCODE, POLLCNT, DLE, ETX, CRC, CRC

The data message in the poll request is the poll count (FOLLCNT) which is a module
16 count used to track message sequencing.

A poll response from the sensor will nominally require 1083 milliseconds to send
the following message :

DLE, STX, OPCODE, POLLCNT, WD, WD, WD, WD, STATUS, DLE, ETX. CRC, CRC
WD indicates one byte of wind data. The worst case time which corresponds to eight

bytes of wind data (four extra DLE characters) is equal to 150 milliseconds. Warst
Case Poll Responsc:
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Each wind data field requires a DLE to follow

Eég ETX, OPCODE, POLLCNT, DATAL.DATAS, STATI, STAT2, DLE, 5§TX, CRC,

18 Bytes (8.33 ms/byte) = 150 ms

A timing diagram of each component of a poll request and poll response as well
as a complete poll session for four sensors is shown in figure 51. This timing diagram
uses the worst case time of 150 ms [or the poll response and the maximum latency
periods for the carrier detect of f-to-on and on-to-of T transition.

34 PROGRAM INTERRUPTS

The FuIluwing paragraphs describe the program interrupes: specifically, the source,
purpose, type, priority, and required response for each interrupt. The presentation
will progress from highest to lowest priority, Table VI provides a list of the interrupt
vector number, the RAM location of the vector, interrupt handler program name, the
source of the interrupt and the function of the interrupt,

4l N rru

An NMI interrupt occurs every quarter second if the NMI DISABLE* bit is set in
the ad/mx/msb register, This interrupt is serviced by the routine namde "<timer>",
The routine sets some flags and increments a counter for use by the Wind Data
Frocessing, Analog Data Input/Output and the BIT tasks. As an NMI interrupt this
has the highest priority of all external interrupts.

34.2 r-Assembl iver Interrupt

This interrupt is gencrated when a character is received via the inter-assembly
communication interface. This is an IRQ interrupt for the purpose of processing
received characters and has the highest IRQ priority level. This interrupt is serviced
by the Inter-Assembly Interrupt Handler described in Paragraph 3.10.2.3. The
interrupt rate will be once every 8.33 milliseconds during receipt of messages and will
nominally have a 30% duty cycle for a [our-sensor system.

343 Inter-Assembly Communication Transmitter Interrupt

An TRQ type interrupt occurs each time a character is transmitted when the
transmit buffer becomes empty. This is serviced by the Inter-Assembly Output
Handler which transmits another character if one is available. The interrupt is second
in priority and will occur at a rate of one each 8.3 milliseconds during poll response
transmission periods. The frequency of the interrupt will be 120 pps. The duty cycle
will be approximately 9%,

3.4.4 Spurious Interrupt

The hardware is configured [or only two IRQ interrupts at vector # 31 and 32.
The only other IRQ interrupt interrupt possible would appear as a spurious interrupt
which would be an interrupt request initinted on the IRQ input with ne subsequent
acknowledpge. This would vector to the # 30 wvector loction. The service routine
increments the SPURCNT wvariable and returns controll to the program.
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3.5 TIMING AND SEQUENCING DESCRIPTION

Figure 2 shows the timing and scquencing relations between the CPCs. The Timer
NN!I interrupt is the basis for program timing. The NMI service routine set flag
:whac:h are read by the A/D task and the BIT task. The NMI service routine also
increment 2 modulo 8 counter variable which is used by the Process task to track the
quarter second phases,

3.6 SPECIAL CONTROL FEATURES

There are no special control features involved with the operation of this CPCL
3.7 STORAGE ALLOCATION

The storage aIIucatign for the Sensor assembly is confined to the microprocessor
solid state memory devices (i.e. EPROM and RAM). Figure 5 shows the memory map
of the microprocessor. The RAM is comprised of an 2K x 8 bit static memory device.

371 Dax se Definiti

Figure 28 gives a graphical representation of the database for the Sesnor assembly.
The following paragraphs provide a detailed description of the database. The entire
database is contained in EPROM.

3.7.1.1 File Description
The are no files used in the Sensor program.
3.7.1.2 Table Deascription

There are fourteen data tables contained in the EPROM of the sensor program. All
but on¢ of these is used by the program. The first table is not used by the program
but is used for configuration identification. This table contains the serial numbers of
all the characterized devices contained on the sensor. The remaining table are
described below.

3.7.1.3 Item Description
3.7.1.3.1 Configuration Constants

This table contains three values; (1) the clock frequency iz the measured clock
frequency recorded during manufacturing process and is used to adjust the count for
the interval timer that produces the quarter second interrupts, (2) the pressure offset
is the barometric pressure recorded when the sensor was characterize during tunnel
testing, (3) the speed limit is to define the operational range of the sensor and is set to
100 knots for the standard sensor and 150 knots for the rugged sensor.



3.7.1.3.2 Elelment Resistance Table

This table contains the resistance values for the clements at ten degree intervals ovr
the temperature range of 50 degrees to 170 degrees centigrade,

3.7.1.3.3 Gain and Offset Table

This table contains the gain and offset value for the A/D and the D/A converters,

3.7.1.34 Temperature Table

This table contains the voltage to temperature conversion values for the temperature
sensor,

3.7.1.3.5 Pressure Table

This table contains the voltage to pressure conversion values for the pressure sensor,

3.7.1.3.6 X&Y Power Difference Tables

_This table is an index table for the X-Raw Velocity Table. It contains the power
differences recorded at a know speed and direction during tunnel testing of the

individual sensor assembly. Each entry has a matching entry in the X-Raw Velocity
Table, :

3.7.1.3.7 X&Y Raw Yelocity Tables

This table contains the velocity recorded during tunnel testing for the
cooresponding element power difference. The power difference is the measured input,
The raw velocity is the coresponding output,
3.7.1.3.8 Angle Index Table

This table is used to index into the magnitude ans angle compensation talbes. It
contains The angle recorded during tunnel testing and is set up for angle ranging
from 0 to 360 degrees at five degree increments.
3.7.1.3.9 Speed Index Table

This table is used is index in the the magnitude and angle compensation tables. It
contains the speeds at which the sensar was characterized during tunnel testing.

3.7.1.3.10 Magnitude and Angle Compensation Tables
These tables contain the characterization results of tunnel testing which records the
SENnsor response over a range of sct speeds and direction inputs. These data are used to

interpolate the final magnitude and angle output for any given input within the
operational range of the scnsor,




3.7.1.4 Graphic Table Description

Figurc 28 provides a graphical representation of the tables within the database.

3.7.1.5 CPCI Constants

S.cw:rali constants used to reference device registers were defined in the section
covering interfaces. Table VII lists the remaining constants used in this CPCI,

3.7.2 CPC Relationship

The data base is accessed by the Process task programs and the Start-up routines.

3.8 OBJECT CODE CREATION

The programs of this CPCI are written in the FORTH programming language and
are compiled on an IBM PC computer system (or equivalent) with 256 KB of RAM and
dual floppy disks. The specific version of FORTH used is B0B6/IBM PolyFORTH II
by Forth, Inc. The procedures for using this programming language can be found in
the "PolyFORTH Il Reference Manual” and the "PolyFORTH 8086 CPU Supplement to
the polyFORTH II Reference Manual". Program code is created using the "Digital
Wind Measuring System Target Compiler” (SPIN 83IM-FMQ13-F0O03-00A) supplied with
this CPCI. The target compiler disk provides the FORTH operating system with its
utilities for disk formating and copying, printing and editing. During operation the
target compiler resides in the "A" floppy disk drive of the PC with the "Digital Wind
Sensor Application Program” disk in drive "B". Code compilation is commenced by
entering the following instructions; "EMPTY COMPILER LOAD IBM LOAD" followed
by carriage return (CR). The compiler will list the location of reach word compiler to
the monitor sereen. Compilation will continue for approximately five minutes and
will compile word in the order define by the load screen commands defined in block
325 through 328 of the application program listing. The object code will reside in
memory at end of this procedure. The [ollowing command will down load the object
code from memory to the COMI serial output port; "REMOTE SEND HEX 0 C000
4000 RDUMP (CR)" This command will down load 16384 bytes (4000 hex) starting at
RAM location 0 and transcribing it into a load module starting at address CO00(H).

39 ADAPTATION DATA
There is no required direct data entry for functional adaptation. All adaptation is

a function of hardware configuration links and switch settings. Setting of these links
is described in chapter 2 of the Maintenance Manual TO 31MI-2FMQI13-2,
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3.10 DETAIL DESIGN DESCRIPTION

) This paragraph contains technical descriptions of the COMPULer Program components
identified in paragraph 3.1 of this specilication. The charts and instruction listings
which specify the exact configuration of the "Digital Wind Sensor Application
Program" are contained in drawing number 8200-1013,

3.10.1 Identification of CPC No. |

This section deseribes the method of analog data acquisition and an analog data
output. The routine that performs this function is called "Acquisitioning" and is
identified as CPC No, |. The Acquisistioning task includes the routines listed in
blocks 365 through 374.

3.10.1.1 Detailed Description of CPC No. ]

Figure 7 provide the chart of this task. The routine monitors the varialbe
ACAUIRE which is a flag set by the NMI interrrupt service routine. If the flag is not
set the routine will pause to allow other tasks to run, If the flag is set the routine
clears the flag reads the four element voltages four time each. It then read the inputs
from the temperature sensor, and pressurc sensor air pressure reading, the pressure
scnsor lemperature reading, and the 5 volt reference input. The variable DACFLAG
is tested. If set the DACs are loaded with the lastest output values. A BIT test is
perfromed to determine if the A/D is returning reasonable readings. The 5 volt input
is used for this test. If the reading is between 3.5 and 8 volts the reading is assumed
good. If the reading is outside thesc limits than the microprocessor would most likely
not be running. Since the processor is running readings outside these limits will cause
the BIT test flag an error. The last step of this routine is to set the varilable
PROESSFLAG which is read by Process the next CPC.

3.10.2 Identification of CPC No. 2

This section describes functions performed to process the wind data and produce the
desired output data. The routine which performs this function is called "Process” and
is identified as CPC No. 2, The Process Task include the routines list in blocks 380
through 427.

3.10.2.1 Detailed Description of CPC No. 2 Figure 8

Figure 8§ shows the processing to determine the raw velocities. This routine is run
at quarter second intervals. The A/D readings {or the elements are corrected Tor the
gain and offset error induced by the A/D. These readings which represent a voltage
are squred and divided by the element resistances to form the power value for each
element. the power values lor the element pairs (X+, X- and Y+, Y-) are subjected to
provide the power difference. These differences are then used to lookup the
coorgsponding velocity. The velocity values are stored in the table scaled by a factor
of 128.
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3.10.2.2 Detailed Description of CPC No. | Figure o

Figure 9 show the processing to compensaté one second average velosities. The
routine starts by setting the variable flag DACFLAG to load the DACs. The latest
four guarter second values are averaged into a one sccound average which are then
converted to polar coordinates. The angle and magnitude values are used to lookup
the compensation values [or both the magnitude compensation ab'nd the angle
compensation. The magnitude is the compensated for air density and ambient
temperature. The compensated magnitude is tested to see if it is greater than the
operational range for the type of sensor, standard or rugged. OVver range is flag if
its over the set limit found in the data tables pointed to by the constant SPEEDLIMIT.
The compensated values are converted back to rectangular coorodinates and saved as
X and Y values. the latest finve one second values are then averaged to form the next
live second averge output.

3.10.2.3 Detailed Description of CPC No. 1 Flgure 10

Figure 10 shows the processing for setting the element temperature, the temperature
reading the 5 volt voltage readings are corrected for the offset and gain errors from
the A/D. The temperature voltage reading is then corrected for any variance of the
pocwr supply from the five volt level since the data in the lookup table arc based on
an assumed ideal five volt operation level. The compensated temperature voltage
reading is then used to lookup the cooresponding temperature value. The resulting
temperature is checked for proper operating range as part of the BIT. This value is
added to the overheat value of 100 degrees centigrade. This total is then used to
caluculate the output setting to the DACs for each element.

3.10.2.4 Detailed Description of CPC No. | Figure 11

Figure 11 shows the processing for detemining the air pressure. The A/D BIT flag
is tested to see if the A/D is operating properly. A test iz done to see if the'is is the
first pass after a power up in which case the sums are cleared and the flag is set lar
the next pass. All subsequint passes proceed by correcting the A/D reading for of fset
and gain errors. The corrected reading arc then added to a running sum. A counter is
used the sum the inputs over an cight second period. At the end of eight seconds the
sums are averaged and used to lookup the value for air pressure. This value is
checked for proper range as part of the BIT. If the value ig good then it is save and
used to compensate the one second values of speed.

3.10.3 Identification of CPC No. 3

The Inter-Assembly Communication CPC is described in this section. The routines
that implement the the Inter-Assembly Communication functions are the Inter-
Assembly Communication Task listed in blocks 452 through 471 and the inter-assembly
communication interrupt service routines "<INTR1s", "<INTR2>", and <xmit> listed in
blocks 482 through 484, This CPC performs control and crror checking functions to
assure effective and reliable acquisition of wind sensor data to all Indicator/Recorder
assemblies. The basis for reliable communication is established by the form and
protocol used for data transmission deseribed in Section 3.3.2. This is cnh.'rm-::cd by the
redundancy and error checking provided by the Inter-Assembly CPC described below,




L

3.10.3.1 Detailed Description of the Inter-Assembly Task

Therlntcr-Asscmny Task is diagramed in Figures 12 through 14. Each of the
following subparagraphs will describe one figure,

3.10.3.1.1 Description of Inter-Assembly Task Figure |2

. The routine starts by clearing the receive flag and buffer and then "sleeping” until
1t 15 awakened by the interrupt service routine. Onee awakened the routine goes
thourgh check teh type of message, the ID# in the message and the CRC of the

message. IT all these test pass then the sensor send a message out which repeats the
latest five second average wind values three times,

3.10.3.2 Detailed Description of the Inter-Assembly Communication Interrupt
Handler

A flow chart of the interrupt handler is provided by Figures 13 and 4. This is the
interrupt service routine for the Inter-Assembly serial interface. This routine receives
the characters which comprise inter-assembly messages and checks for proper framing
of the message (i.c. DLE, STX, DLE, ETX framing). The main branch of this routine
tests the UART Status Request (USR) to determine the cause of the interrupt, The
action taken depends on whether the cause was a carrier detect change, a received
character, or the transmission of a character. Each of these evenls are described
below.

3.10.3.2.1 Interrupt by Carrier Status Change

An interrupt is generated if the state of the carrier signal changes from on to off or
off to on. If the source of the interrupt is a change of carriers from on to off, then a
test is made to determine if an STX character was received. This would indicate the
receipt of at least part of a legitimate message. If the STX flag is set, then the /0
buffer flag is set and the routine then wakes up the Inter-Assembly Communication
Task (IACT). The I/O buffer flag tells the TACT that a message has been received. If
the STX flag is not sct, then the routine wakes up the TACT without setting the 1/0
buffer flag. The IACT will ignore the buffer contents and setup to receive new data,

3.10.3.2.2 Transmit Buffer Empty Interrupt

The Transmit Buffer Empty (TBRE) interrupt indicates that the UART is ready for
a new character. The character counter (CTR) is tested to see if it is greater than
zero, which would mean that there are more characters to be transmitted. If CTR is
positive, then a new character is transmitted and CTR is deeremented. If CTR is not
positive, then the UART is tested to sce if the transmission of the last character is
complete. If transmission is complete, then the earrier is turned off and the TACT is
awakened.
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3.10.3.2.3 Received Character Interrupt

If a new character is received, the routine resets a 200 ms Timeout counter used by
the master assembly to timeout poll responses. The majority of this portion of the
routing is used to detect the proper sequence at the start of a message. If the STX
flag is clear, then the DLE flag is tested. If this flag is clear, then the character is
tested to see if it is a DLE character. If it is, the DLE flag must be set or the routine
will return from the interrupt. Once the DLE flag is set, the next incoming character
is tested for the reccipt of the STX character. If it is not received, then the DLE flag
is reset and the buffer is clear. If it is the STX character, then the STX flag is set.
After this all incoming characters are placed in the I/0 buffer, the character count is
incremented, and the buffer is tested for any overflow condition. If the buffar
overflows, then the IACT task is awakened.

3.10.4 ldentification of CPC No. 4

The following paragraph describes the Built In Test (BIT) routines. Three BITs are
scparate and independent programs which test the CPU, ROM, and RAM. There are
several other BITs which are part of other CPCs. These will be deseribed in this
section and cross referenced to the corresponding CPC., The method of reporting the
status of these tests is also presented. The charts for the BIT routines are provided in
figures 16 through 24. Program code listing for the BIT task is provided in blocks 430
through 443.

3.10.4.1 CPC No. 4 Description

The BITs are a set of sellf test routines which are designed to monitor assembly
performance and report and detect faults which may degrade performance. These
tests are run continuously as a part of normal assembly operations. Each test is
repeatedly performed several times cach second. If a fault condition is detected the
routine sets a bit in a RAM location and the Sensor Status word., Figure 15 shows the
organization of this status word. The information from this status word and a similar
one for the sensor are combined to form a byte called the General Status Byte. This
byte determines the value normally displayed by the FPI routine. Figure 44 shows the
organization of the status byte. The lollowing paragraph describes the test routines,
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3.104.1.1 CPC No. 4 Description of the CPU Test

The CPU test performs a scquenge ol operations on the [our accumulators of the
8088 microprocessor, AX, BX, CX, and DX, The results of these operations are
checked for validity. Detection of any error will be recorded by setting bit 0 of the
Indicator/Recorder Status Word. Figure 16 shows a flow graph of the CPU test,
Hexadecimal constants are loaded into the accumulators. AX and BX are summed to
form FF which is left in AX. The 55 in CX is subtracted from the FF in AX with
the resulting AA being stored in CX. CX and DX are summed to form FF which is
stored in DX. This result is compared with the ecorrect result, thereby testing the
accumulator and the zero flag of the CPU status register. A test is also performed on
the sign flag and carry flag.

3.104.1.2 CPC No. 4 Description of the ROM Test

The ROM test is accomplished by performing a 16-bit summation af all the locations
of the EPROM to form a checksum. This value is compared with the correct
checksum value which was produced and saved in the EPROM when it was
programmed. The difference between these sums will cause the sctting of bit 1 of the
IRSW. Figure 17 shows the flow chart of this routine,

3.104.1.3 CPC No. 4 Description of the RAM Test

The RAM test is accomplished by writing a test pattern to a RAM location and
verifying that the samec pattern is read back. This test is performed on all RAM
locations. The data in each location is saved before testing and restored at the
completion of the test. Interrupts are disabled to maintain complete control of RAM
access during this test. For this reason only small sections of RAM are tested during
each iteration. Figure 18 shows a graph of this routine. Two test patterns are used at
each location, a 55 pattern and an AA pattern. Both arc comprised of alternating ones
and zeros and are used to detect bit locations which are no longer functioning.

3.104.1.4 CPC No. 4 Description of Inter-Assembly Communication Loop Test

The Inter-Assembly Communication Loop Test is performed each time an assembly
sends an inter-assembly message. When the first character of a message is transmitted,
the receive circuitry is enabled in order to read the character back. The received
character is compared to the transmitted character. Bit 6 of the IRSW is set il the
characters are different. Figures 19 and 20 is a2 flow chart of this test gperation,

3.10.5 Identilication of CPC Na. 5

The Start Up and Recovery (STUR) CPC is deseribed in this section. This rputinc %s
the entry program after a power up or reset condition. The chart for this epe is
provided in figure 50. The program code is listed in blocks 605 through 636.
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3.10.5.1 Deseription of CPC No. 5

The Start up and Recovery routine [irst step 15 to initialize the interrupt vector and
the task tables in RAM and proceeding to initialize all the hardware interface devices,
The POWERFLAG variable is tested to determine if a cold start is required. If so all
the RAM locations above the vector tables and below the task tables are cleared. Then
particular variables are initialized. A test is perfromed to see if the sensor has under
gone serveral resets within the resent passed. If so an error flag is set. The
configuration jumper for sensor ID and 110/220 AC operation are read and saved.
Pointers to the variable length data tables are determined and saved. The A/D status
is tested. If its ok the A/D task is enabled., The elements are powered up by ramping
up the temperature setting. The tasks are enabled. Then the interrupts are enahled.

3.11 PROGRAM LISTINGS

Program listings are provided in a4 separate bound section titled " Program Listings
for the AN/FMQ-13(V) Digital Wind Sensor Application Program"”

31L1 Naming Conventions

The following naming conventions are used throughout the program listing.
Attributes for name differentiation include upper and lower case lettering and
hyphenated names or names containing a period,

FORTH defined words (i.e. those words defined as part of the standard Forth
programming language) use capital letters or symbols (e.g. IF, THEN, ELSE, DO,
LOOP, =, 0=, |, @). These are defined in the "polyFORTH II Reference Manual",
Forth assembly code language is also represented in upper case letters and may include
duplicate names for some words (e.g. IF, THEN, ELSE, DO, LOOP), These are defined
in the "INTEL 8086 CPUI Supplement to the polyFORTH II Relerence Manual”,

All variable names are upper case with no hyphens or periods. Application program
words (the names of routines) are upper case and use a period or hyvphen in the name
{(e.8. GET.TIME, GET.DATE, TIMESTAMP, 2.#SENSORS). Constants used to reference
hardware device registers are lower case (e.g. clock, clock/esr, comm/data). Assembly
code routine names are lower case with a symbol or a period within the name (eg.
set.status, clearstatus, clocks, >clock).

4. QUALITY ASSURANCE
This section provides a review of the test plans and procedures used to qualify
the CPCL. Qualification was performed on the built-in-test function during the

maintainability demonstration. The remaining functions were qualified during
performance testing.
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4.1 TEST PLAN/PROCEDURE CROSS REFERENCE INDEX

Sensor qualification tests for function were the maintainability demonstration
and the performance testing. The maintainability demonstration was conducted in
accordance with the Maintainability Demonstration Plan document # 9131-1008
(CDRL Item QO005) the results of which were reported in the Maintainability
Demonstration Report document number WMS-MDR-01 (CDRL Item QO006). The
performance test were conducted in accordance with the test procedure titled "First
Article Performance Test For Wind Measuring Set AN/FMQ-13(V)" document # 913]-
1005 (CDRL Item KO002). This test procedure was developed in accordance with the
"Equipment Test Plan for Wind Measuring Set AN/FMQ-13(V), document & WMS-ETP-
0I-R1 (CDRL Item KO00!). Performance testing of the wind sensor envoled testing its
time response to 25 knot step changes in wind speed and direction. Thesge Lests were
cinduet in a wind tunnel.

5. PREPARATION FOR DELIVERY

Delivery preparation for this CPCI is specified in the CDRL by items E002, E004,
and EO00D specifying "Software Delivery Documentation”, "Version Description
Document”, and "Computer Software/Computer Program/Computer Data Base
Configuration Item", respectively. The computer program is titled "Digital Wind
Sensor Application Program”. Two copies of the source code and one copy of the
object code are provided on 5.25 inch diameter floppy disks wish are MS-DOS [ormat
compatible. One paper copy of the source code and object code are also specified.
The disks and the paper copies will be labeled with the system nomenclature (FMQ-
13(V)), the program title, release revision and the CPIN for the program,
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HS3120
DOUBLE BUFFERED
12-BIT MDAC







| yorno Systems,

CORPORATION o

| HS 3120

Double Buffered 12-Bit MDAC |
T R S e
FEATURES

» Monolithic Construction i

» 12 Bit Rasalution B
» 0.01% MNen-Linearity |
n iP Compatible [
= 4.Cupadrant Multiplication .
= Latch-up Protected |
i
The HS 31205 a precision monalithic 12-bit multiplying |
DAL with internal two-stage input storage registers for easy |
interfacing with microprocessor busses. It is packaged in 3
28-pin DIP to give high 1/O design flexibility,
DOUBLE BUFFERED — The input registers are sectioned mntmlfs are level-triggerad to allow static or dynamie | i
into 3 segments of 4 bits each, all individually addressable. Aparatice, !
The DAC-register, following the input registers, is.a parallel VERSATILE OUTPUTS — A total of 5 output lines are pro- i
12-bit register for hoiding the DAC data while the input vided by the HS 3120 to allow unipolar and bipolar output ,
registers are updated. Only the data held in the DAC register connection with a minimum of external components, The !
determines the analog output value of the converter, feedback resistor is internal, The resistor ladder netwaork ,
MICRO PROCESSOR COMPATIBLE — The HS 3120 has  (ermination s extarnaly aviabe thus siminatingan
been designed for great flexibility in connecting to bus- ARATE P 4
oriented systems. The 12 data inputs are organized into 3 MONOLITHIC CMOS COMNSTRUCTION — The HS 3120 s
independent addressable 4-bit input registers such that the a ane-chip CMOS cireuit with a resistor ladder network de-
H35 3120 can be connected to either a 4, B or 15-bit data signed for 0.01% linearity without laser trimming, Small
bus, The eontrol logic of the HS 3120 includes chip enable chip size and high manufacturing yields result in greatly
and latch enable inputs far flexible memory mapping. All reduced cost.
{5 [[ECT
BITYT 2 1 4 5 B r A 5 10 M BITY2 VRer
o 9 g o (< = T < T [} T o o a
a w| 1| 12 13| 14| 15| 16 17 @] 1a) 20 4
TEo 2 ‘I
—| INFUT REGISTER INPUT REGESTER |— INPUT REGISTER
7%
HBEC- CONTROL
ae LOGIC I—‘ Jl
MBE 0= A &
23 {} A 0 Fiy
LBE O J \ &
7 O 1o
LPALD DAL HEGISTER | 12 BIT MDAE > -

HS 3120

R ;

Voot Vopz | GND GNO LOTR
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SPECIFICATIONS  +

Ty = "= nomiinal power sugply, VREF = 10V, unipolar unless otherwiss nared),

e : A H53120.2 H53720-0
TYPE . MULTIPLY ING, DOUBLE BUFFERED INPUTS =
DIGITAL INPUT
Resalution 12.8its *
2-0Ouad, Unipolar Coding Binary !, Comp, Binary ! *
4-Cuad. Binolar Coding Oiser Binary .
Legic Compatibilitys CMOS, TTL .
Input Current £1 A (max) *
Cata Set-up Timed 250n5 (min} .
Strobe Widthd 25005 {min| L]
Cata Hold Time3 On5 {min) *
REFERENCE INPUT
WVoliage Range +28Y {max} .
Input Impedance Bkil =50% "
ANALOG OUTPUT
Scale Factar 1250 AfV gap 250% o
Scale Factor Aceuracy® +1% F.5.R, .
Cutput Leakaga®
@25 °C <1004 (max) *
®125°C <200n& [max) &
Dutput Capacitance
CauT 1. all inputs high EOpF n
CouT 1, all inputs lew 40nF .
CouT 20 all inplts high adaF .
CouT 2, 8l inputs law BOpF .

STATIC PEARFORMANCE

Integral Linearity
Diffarantial Linearity
Mernotanicity
Monotanicity Temp. Range
C-Models
B-Models

DYNAMIC PERFORMANCE

=0.015% F.5.R, [max)
+0,024% F.5.R. (max]
Guaranteed 1o 12 bits

0°C 1o +70°C
-55°C 10 +125°C

=0.05% F.5.R. lmax]
+0,097% F.5.R, (max)
Guaranteed 10 10 bits

-

Digital Small Signal Sartling 1.0psea =
Full Scate Transition Settling
10 0.01% [strabed) 2. 0psec -
Heference Feedthrough Error IV gt = 20V
& 1kHz <Tmy .
@ 10kHz 2my L)
Delay 1o outpuy
from Bits input 100n55 .
from LDAC 200n 52 .
fram CE 120056 -
STABILITY {Over Seecified Temp, Aange]
Scale Factord Zppm F.5.R.CC [max) .
Integral Linearity 1 ppm F.S:A.CC (max) .
Differential Linearity 1 ppm F.5R.SC [max) *
Monotonieity Temp, Ranga
C-Cption 0°C to +70°C =
B-Option -55"C 1o +125°C *
POWER SUPPLY {Vgp)
Operating Voltage {spacifications guarantesd) +1EBV :5% .
Maximum Voltage Range +5V 10 16V 'y
Current 2.5mA [max) =4
Rejection Ratio 0.002%/% [max) .

TEMPERATURE RANGE

Operating C-Optian
Oparating B-Option

0°C to +70°C
=55°C to +125°C

Storaga ~65°C 10 +150°C o
MECHAMICAL

Case Style 28-pin daubls DIP .

C-Chpation plastic .

B-Option cEFamic A
NOTES:

Same a3 H53120-2

"0 0BV, 24V <1 VoA,

every 107 C temperature increasa,

M B R e
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. The input coding is complemantary binary i I s used,
Dhgital input valtage must not exceed sunply voltage ar go below -0.5V.

All strabes sre level triggered, Ses TIMING DIAGHRAM,
- Using the internal feedback rasistor and an external cpamp,
The output leakage current will create an olisel voliage a1 the external opamps sutput, |1 doubles

. Delay times are tarce the amount shown a1 Ta=+125°C
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PIN ASSIGNMENTS
PIN ASSI APPLICATIONS INFORMATION
PIN FUNCTION o o :
1 FB4, Feedback Bipolar Oparation o’ H:ﬂlnn It Hnigofar DP::”””
2 LDTA, Ladder Termination REF Vi
3 FEB3, Feedback Bipolar Operation
4 V'REE. Aeference Yoltagn Input ':i'_ FBy
5 FHq, Feedback, Unipalar/Bipalar =1 1 ot
B Loy, Current out inte virtal greund 1
DIGITAL
7 gz, Cutrent out-complement of 1o INPUTS HS 3120 |iomm
g Vg5 Ground, Analog and DAC Hegister II Fad
) Bit 1, M58 I Fiy
= I
10 Bit 2 1oz
" Bit 3 I
12 Bit 4 CE ﬂ——l W Wy )
35| 7551 iy
13 Bit 5 HBE
14 Bit & MBE 00— =
15 Bit 7 LBE O———— ! =
16 Bit B LODAC
17 Bit 9 Connection Diagram, Bipelar Operation
18 Bit 10 — e
19 Bit 11 Vo
20 Bit 12
21 LDAC, Trantfers data from input to DAC register o— FBy Aosi
22 CE, Chip Enabla, activa law '
3 LBEE, Bit 12 10 Bit 3 Enable m:m_ o1 I
24 MEBE, Bit 8 o Bit 5 Enable weuts | HS 3120 —one, k" Vour
25 HBE, Bit 4 to Bit 1 Enable i _FE' oNE KT =
26 VDpz. Supply Analog and DAC Register F 3
ki V551, Ground input latches 4 fo W2t
bz Vooi. Supply input latches To7h ‘\;*C—Mﬂ—*
: = A
NOTE: Pins B and 27 and pins 26 and 28 must be connected CE o— vag | vesy e
externally. HEE — %,
MECHANICAL MBE g—-— Az 0
TOP VIEW u W
e LBE D = + ouT 1
F?N 1 LDAL O—————— | = Ay, A7, LFA11ACH
Connection Diagram, Bipolar Operation (far ipplications whera
bipolar olfsat temperature drift (= 10 ppm/°C) is not eritical)
MOTE: To maintain specified linearity, external amplifiers must be
i zeroed, This is best done with VREF set to zem and,
i (RETH] Unigalar: load the DAC register with all bits at rerg and
adjust Apg for Vourt = 0OV
Bipofar: load the DAC register with 10 . _ 0 (MSB =1) and
52t Agsa for VT 1 = OV, Then sot Aggy lor
TRANSFER FUNCTION [N=12]
BINARY INPUT UMIPOLAR OUTPUT| BIPOLAR QUTPUT [
1. i -NVEpE (1-2-N) -Vaeg (1-2=IN- 1} [
100 . .. 00 “VREp (12+2°N) | vpep f2-IN-T0)
OE10 T
Ty J : 100 .. 000 VEEF [
: f 017, .11 Vaep 11/2-2Ny | vpee (2-IN- 1))
DIMENSIONS = L 0. 900 2 VREF e
ingh 085 !
oy [2. 161 a0
et —fnzs

CONNECTIONS o

Unipalar Operation:  Cannect Iy and FB4 a5 shown in disgram,
Tie I'y2 (Pin 71, FB3 1Pin 3), FBa, [Pin 1]
afl to Ground (Pin B)

Bipotar Operation:  Conmect [y, loz. FBy, FBy, FBy asshown
n diagram,
Tie LDTRto Igo

Grounding: Connect all GAD 1o system analog ground
and e this 1o digital ground.
NOTE: All unused input pins must be grounded,
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BIPOLAR OFFSET ADJUST {external)

=15y =15%
|_ 20
e’
A
ADJUSTMENT
RANGE (2%
TO I

MNOTE: External opamps have to be raroed before the bipalar olfser
adjust circuit is connectad.

CONTROL LOSIC
CE
]

ey $ TO INPUT REGISTER BIT 1. 8IT 4
MBE D“‘% TOINFUT REGISTER GIT 5. &1T 5

LBE O -_-q_‘\_—i.l'

TOINPUT REGISTER BIT 9. 8IT 1z

LOAC O

—= TO DAC REGISTER

NOTE: The transfer from Input register to DAC register can ba
performed withaut Enabling Chig,

STROEBE LOGIC

Strobe Funetion
0 data latched [held)
1 data changing {transfer) X

TIMING DIAGRAM

INFUT
DATA

.
§

85

2]
Ll !
S

=

]

|

LBE I, F'
|..-.-.|1 f—

_!.4|1|...3_

mee b

]

M
Loac !_L

QUTPUT

oo 4
P>y

1y
TIME AXISNOT TOSCALE. ALL STROBES ARE LEVEL TRIGGERED,

ty: Data Setup Time, Time dara must be sable belore st
Ioyte anable/LOAL] soey fa VO ty Iminl = 750 reec

tg: Slrobe Wedih, ty (minl = 250 neec. (CE, LBE, MBE. HHE, LOACH.

t3: Hedd Tume, Time data muse B ttable aiter sirabe qoet to 70, 19 = O Arec,
1y Deday frem LDAE to Qutpar. 1" 200 neec,

NOTE: Minimum enmman aetere time tor CE and any byte enamie n 250 niec,
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HIGH RELIABILITY PROCESSING®E

Hybrid Systerns maintaing a continuing product asturaney |
Program to provide the highest levels of reliability demandag
by MIL-specifications. Whether for GOVErNMENt, aerospacy

or critical industrial applications, Hybrid Systems continge:
to be in a position of leadership in the development and =g .
manutacture of hybrid microelectronics data conversion _Fises
products, WE

— g ¥
g

Facilities inelude the most advanced manufacturing, wn;;d' £z

calibration equipment available, supparted by Clase 100 2
elean areas for maximum enviranmental eantro| during -3
critical assembly and inspaction progesses, Hybrid S-,rswm"
through its ermphasiz on product quality assuranes and o
its reliability, iz a proven, experienced source of convertar

and resistor products. ]

-
SCREENING TESTS PERFORMED Tf a
PER MIL-STD-883 s
Process MIL-5TD-883 Tast Requirement
Test Method Condition 2

Pre-cap Visual 2017 - 100%
Stabilization Bake 1008 C 100%
Temperature Cveling 1010 C 100%
Constant Acceleration 2001 B 1009
Seal, Fine 1014 A 100%
Seal, Gross 1014 c 100%
Burn-in 1015 a 100%
Final Electrical Test —— - 100%

PRODUCT SCREENING
AND QUALIFICATION

Hybnd Systemns is equipped 1o perlorm qualificaton and
quality conformance testing of its products 1o the Level B re-
quiremenis of MIL-STO-B83 Aoy, . Frocessing to applicable
Level 5 requiremenis is available where the higher confi-
dence level is required,

ORDERING INFORMATION

MODEL CDESCRIPTION

HS 3120C-0 Doubie Butfered 12-Bil MDAC, Commercal
HS 3202 Double Bulfered 12-Bd MDA, Commarcial
HS 31208.0 Dowble Bultared 12-Bi MOAG, MIL-STD-BA3
HS 312082 Double Bullared 12-Ba MOAC, MIL.5TD-833

CAUTION: ESD [Electro-Static Discharge) sensitive de-
vice. Permanent damage may occur when unconnected
devices are subjected to high energy electrostatic fields.
Unused devices must be stared in conductive foam or
shunts. Protective foam should ba discharged to the destin-
ation socket hefore devices are removed. Devices should

be handled at static safe warkstations only. Unused dig-
ital inputs must be grounded or tied 10 the legic supply
voltage. Unless otherwise noted, the supply voltage at any
digital input should never exeaed the supply volizge by
more than 0.5 volts or go below -0.5 volts. If this condition
cannat be maintained, limit input current on digital in-
puts by using series resistors or cantact Hybrid Systems
for technical assistance.

Specifications subject 1o chanoe without notica,




Hybrid Sgstems ;

r-n,npﬂpmN L

HS 9410 Series
8 Channel, 12-Bit Data
Acqunsmon System with P Interface

FEATURES

s Complete 8 Channel, 12-bit Data Acquisition

System with MUX, SIH REF, Clock and three-
stale outputs

® Full 8- or 16-Bit Microprocessor Bus Interface
m Guaranteed Linearity Over Temperature
= High Throughput Rate: 25kHz

L] Eﬁgmetic 28-Pin Ceramic or Low Cost Epoxy

o Low Power: 600mW

DESCRIPTION

The HS 9410 Series i1s a complete B channel, micro-
processor compatible, 12-Bit data acquisition system
with all the interface logic to cannect directly to 8- or
16-Bit microprocessor buses. It is contained in a 28-pin
DIP and includes an 8 channel mulliplexer, a sample-
and-hold amplifier, and a 12-8it A/D converler along with
the conltrol logic needed to perform a complete data ac-
quisition function. System throughput rate is 25 kHz for
full rated accuracy.

The Analog-to-Digital converler seclion contains the now
standard HS 574 12-Bit ADC. This ADC is implemented
with advanced bipolar and CMOS LSI chips resulting in
maximum performance at lowest cost. The SAH, 12-Bit
decodead VA, control lagic, switches and buffers are fab-
ricated using CMOS processing for lowest power, A
unigque comparator, reference and required amplifiers
are fabricated using linear bipolar processes fer max-
mum speed and reduced offset and drift over temperature.

Incorporaling a unique precision comparator design, the
ADC offers several advantages over more conventional
circuits. A proprietary decoded 12-Bit D/A provides in-

FUNCTIONAL DIAGRAM

creased accuracy, lower drift and reduced oulput noise
over the A/D aperating range. Precision low TCH laser
trimmed resistors are used in the converter for setting
critical periormance parameters including gain, offset,
input ranges. and accuracy.

The HS 9410 Series Is offered in a hermetically-sealed
Eﬂackage for use over a wide tlemperature range and for

IL-5TD-B83 requirements. Hybrid Systems' proprie-
tary commercial package is offered for applications not
requiring the wider temperalure exposure,

The HS 9410 Series operates from + 18V and +5V with
a total power consumption of 600 mW. To take advan-
tage of the 28-pin package the user must specify an input
range of O to +10V, 45V or £10V when ordering. Four
basic product grades are available; J and K models are
specified over a lemperature range of 0°C to +70°C
while the 5 and T models are specified over an extended
temperature range of —55°C to + 125°C. Full screening
to MIL-5TD-883 Rev. C, Level B and processing inaccord-
?_mc:e wit%MEthoﬂ 50081 is avalable with models speci-
ied as "'B."

* + 12V operalion possible; consull faciary for lurther information.
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SPECIFICATIONS |

,i. e

ITHeca——r iy e LRy VEp = ~ 15V W nes = 2 5V unipes AP s il |

o —_—
MODEL M5 fatts HE 541K HE 841%5 HS Ba1xT
TRANSFER CHARACTERISTICS =
Fleseaton 12 5is + - RN
Mufrber gl Charneig 8 Singwe Endeg ] . =
Throuagrans Raip #hkhe d . -
ANALODG IMPUTS
boui Ranges! Bpeched as 3 tullie m e medernumper S Drotenng Gruoe | T
H5 3410 G o+ 204 A - =
HES Gl ] - o =
HE 47 = 10 . . .
Trn Beas Cueremi per Chgnred
hg 25°C PR T ' B . o
~S4°C i+ 125°C 4 25004 mas .
iinat AmoBance
£ Chari 10 gil toont x ; :
CFF Crannel 10 1) vop . . 8
DIGITAL INPUTS
Loge: inpus
i Ay
Wipy man w204 . . -
¥ M 55V : i &
Il'||_ L 1 0 8Y % . -
Vi mn -0 5% B - .
y, + 506 max - * .
i e + S0uA man . " v
Wumipigaer inpuy
V|L L =08V ) L] -
¥ fmn .24V J S R w ol e
Ingut Cagaciance (44 Digra inpuls) “oF a K v .
Mramuers S #ie
AT Mogaine 150n% - H .
SIONAL DYNAMICS
Conwprion Time
12 Bt Cowmmrson 30t max . . . o
BBt Corversan s e ¢ - *
DIGITAL QUTPUTS
Legee Cuagnaes
DBy, Oy, 515
Logc 0 aY maa lny &1 Bma B 2 =
Loz 1 # 2 &Y man, <0 Sma - - .
Leaagage (Magh I Stase) £ A0LA by (DB - DBy orep) i * !
Capattance EpF » [ .
Ouipust Code Conbeguranon
Linpomar Posdre Tiue Brary : . s
Beogiar Posdve True Oftsal Bingey = T =
POWER SUPPLY
Yeoois +4 50 + 55 Vois @ 20mA mas % ' *
Yoo « 13510 + 16 5 Vi g 25mA muy s, oy "
YEE = L3510 < 16 5 ¥ois @ 15nA max L J »
Pwh?um BOO0mW v, 1 TW mas . B0 ry, 1W mas BODEW Tvm, 1 W omas
Fapechond .
Yionie 0 Q0% typ 0 D055 max = . J
Voo 0 000%m tyo. 0 B05YL% max - . .
VEg 0029 fy, G 00545 : i 3
ACCURACY
Lirmanty Evtw % ol F 57 man) 2 005 0017 + 3025 2002
Otz 4
Livspiar (% ed F 5 man) + 005 . " *
Bepoiar (ol F 50 maa) +025 =01 2035 01
Gan® Se1oF SR masy +03 = i .
STABILITY
Lineasny ipory *C mas) +05 P a4 t25
Linvpolar Orfsat fnpwrd 2C mias) t+10 t5 (s + 3
Booiar Dfset (poend “C maa) +2% =20 +35 + 20
Gan [Scain Factarippm =G mas) =50 30 150 + 25
TEMPERATURE RANGE
DOips g B%io « FO°C . 55°CHo « 125°C =550« 125
Stewage = D + 08T " -6 Cin - 150C =55 + 175°C
PACKAGE CASE & CASE & CASE B CASE DR
NOTES

1 Far J ana ¥ madate: posiive analeg apul volligs shoud At escemt v
5 ang Tmooes may go o supsly wlageEs Ingu stages &
TeCommenced fof MAg MAS aron e by TTL

" Epee:hcatond same as HE 5410
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PACKAGE QUTLINE

Dimersaons shownon inches and (mm)

{t7.30m [:'E:% MAX DIMEMSICHS
B et I e
.

28
: “ellT
Jloazo
«||24m)
|8 . 1540
v {39,116}
P b Max
= || na0e
H o| (2540
H .
15 ey TYR
S .
BOTTOM 0.010 0,020
b 025 * fosom

CASES

BEIOMAN | 0243
e (1575} 5 (3.58)

1414 MAX
35.332)

lllllli‘l‘"lﬂq‘ﬁ:
=
S

15 14

b i
i

PIN ASSIGNMENTS

ABSOLUTE MAXIMUM RATINGS

Ve to Commion GND Oto + 16.5V
Ve lo Common GHND Oto — 16,8V
Vo oacloCommon GND | | LOto +7V
Control Inputs (A, RIC) 1o

CommonGND . ... ... ... =05VtoV e +0.5Y
Fower Dissipation : R e B T o )
Lead Temperature, Soldering 300°C, 108ec
Maxrimum Input Voitage . . . Vee + 20V
Minimum Input Voltage c oW =20V
Analog Input Maximum Current .. .., ., ..., .25mA

CONTROL FUNCTIONS

The HS 9410 Seres contains controf funclions

necessary o provide for microprocessor interface. All
control functions are defined in Takles 1, 2, and 3.

Function Detinition Function

RIC AeadiCaonvent | 1. L iniliates conversion.
2. Low {0} disconnecis data bus.
3

. High (1) initiales read,

Ag Davice Address | 1. Selecls conversion mode.
12-bits if low {0), B-bits il
high {1} when RiG L.

2. In read moda Ag selects the oul-
put format, If low {0) then 8
MER's (high-and middla byte) or
it ugh (1) then only low byle
and frailing zeroes.

MA,
MA, Multiplexer Select Channels 1.8
Mag Address (see MUX Logic Table 3)

Tabie 1. Defining the Control Functions

Control Inputs Operation
RIC Ag
L a Initiates 12-b10 conversion
1 i Imtiates 8-t conversion
1 [1] Enables 8 MS58's (high byte)
1

Enables 4 L5B's {low byte) and
4 frailing zeras

PIN FUNCTION PIN FUMCTION 1 X %u;s:;ﬂz;a;gilws to high
1 DB,,/08; 28 DB,/08,
2 DB,,(MSB)DE, 27 DB, /0B, Tahie 2, Truth Table— Control Inputs
3 A, 26 DOB; =
4 RIT 25 DB Mux Address Channel | . oce e HIGH
5 GROUND o4 DB- Inputs Selected 2 6 o Ba LW
6 | Mg 23 | DB, ‘“: ‘: ‘:n 1 o S P
i T o o P e
a3 MUX ADDRESS A, 21 GAIN = : s 5 F "F;
g MUX ADDRESS A, 20 OFFSET o : 7 p i I;‘L*‘ LF::
10 MUX ADDHESS A, 19 Ve 5 o o 5 ,,B;,.,'
] INPUT CH 1 1:} INPUT CH 5 q ] 1 6
12 INPUT CH 2 17 INPUT CH 6 1 1 0 "
13 INPUT CH 3 16 INPUT-CH T 1 1 1 B
14 INPUT CH 4 13 INPUTCH 8 Table 3. Truth Table = Mulbplexer Address
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APPLICATIONS INFORMATION

TIMING

The timing diagrams are shown in Figures 1 thraugh &,
Figures 1 and 2 show how |he multiplexer addressing
is related to the convert cycie, while Figures 3 and 4
show the iming sequence to start either a 12- ar an
8-bit conversion. Figures 5 and 6 show how o read the

multiplexed data from the internal register in the
HS 8410,

Figures 1 and 2

The mulliplexer address can be changed either during
ar after a conversion, but care must be taken nat 1o
change the address within 1 microsecond after the
conver command 1o insure that the sample/hald will
not start 1o acquire the signal of the new channel. Aler
the multiplexer address has been changed, you must
allow the samplafhold at l=ast 10 microseconds in
sample mode to acquire the new input signal.

i ICON

STATUS E !
i

MUz —-;_.*i x
ADDRESS

TuxH Multiplexer address hold ima atier convert command
tacg  Minimum time between conversions (S/H acquisition time) 10us min

tcon  Conversion ma for-12 bit ressiuhion J,K-Madsls s max
5.T-Models s max

= B bit resoluison J_K-Modats 225 may

5.T-Modeis 22u8 max

Figure 1. Timing Diagram 8/12-8i Conversion,
MUX Address Changes During Conversion

STATUS _.f__ Ital] L_—_r_

1
MU i
ADDRESS
L] i
me T\ e =
e
lacn  Minimum fime between MUX address change
and conver command 105 min

ool Cenversion time - Specifications, see Figure 1

Figure 2. Timing Diagram &12-8i Conversion,
MUX Address Changes Sotween Conversions

Figures 3 and 4

Figures 3 and 4 show how to starl a convert cycle, The
logic level of the Ag line determines whether a 12- or
8-bit conversion will be initiated. If Ag is low during the
start convert command. a 12 bit conversion will be
started; if Ag is hugh, an 8-bit conversion will occur, The
Ag line has o be setup when the R/T line goes 1o logic
‘0" and must remain in the desired level for at least

150 ns. The R/C line is used both 110 siart a conversion
and to read the output data. Il R/C is gaing low a con-

290 1

s min

Versian is initiated. This is indicaled by the STATUS line
going high. A second start convert command during a
conversion will be ignored. The RIC pulse must have g
minimum width of 150 ns. For aptimum performance
the rising edge of the R/C pulse should not ocour diur-
ing a conversion if the conversion has been in progress
for mare than 1.5 micraseconas, 1e., the negative R/C
pulse should be either shorter than 1.5 microseconds
ar longer than the conversion lime

STATUS

HIGH-T

DATA QUTPUT

o
7

—_— =

P aaiaal|

IRe RIC pulse widin, Ag puise width (Nolw 1) 150 ns min
Ing Status dolay from ARG 200 ns max
THL Curput tlos celay 150 ns max
Figure 3. Timing Diagram o Slart a 12-Bit Conversion
A !
i I
i
|
|
! |
A Il mc -
] |
(] ¥
—\.\—/,(
| |
: os i
i
STATUS i /:’
f ]
i i
1
|
! |
]
!
DATA OUTPUT ! \L
' /
i |
| e |
i L 1
| |
(=T AIC putse widih, Ay puise wiaih [Note 1) 150 ns min
lpg  Slatusdelay from RIC 200 ns max
%1 Quitput foat delay 150 ns max

Figure 4. Timing Diagram o Start an 8-8il Conversion
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Figures 5 and 6 ! oo

It a convers -~ -~ n grogress.the daia outpu! lines are
disabled Botwg, W LiStiance siate. Data can be

enabled by bringing wie Mmoo we - chafter s wer
sion is complete (this is indicated by the STATUS line
going low, Fig. ). If R/C has been returned igh during
a conversion the data oulputs will be enabled auto-
matically after STATUS goes low (Fig. 5). The Ag line is
used to address either the 8 upper data bils or the 4
lower data bis followed by 4 frailing zeros. |f an 8-bit
conversion has been performed the lower 4 bits will
always be '0". After an B-hit conversion, itis not
necessary o read the lower 4 bils prior (o starting a
new conversion. Note that Ag only controls the address
of the two data byles while the high impedance state of
the oulput buffers 1s contralled by the R/C and STATUS
line. The output buffers will net return to the tigh
impedance state when Ag is changed to address the
second data byle.

1SAC ¥
I 1
aé ef |
i 1
H f i
L. |
STATUS o |
| 154
b ! 1
" 1
Ao b G X
H 1 1
: : i 1 i
DATA HIGH - I L } T ;
QUTPUT i ‘:L m
|_'_‘j I
T | w2

Igpe PG sat-up ime prot to s1atus going low 0 s min
Iza Ay sy time preor o status gong kow (Nota 2) 100ns min
=1 Access tima, 151 data byte (from slatus) 125 ns max
] Access time, 2nd data byte (frem Ag) 225 ns max

Figure 5, Timing Diagram Read Cycle,
RIC Going High During Conversion

NOTES: -

1. For cptimum performance the postive edoe of the RIC pulse
should not occur dunng a conversian I {he canversion has besn
stared lof more than 1.5 microseconds. The negative RIC pulse
should be aither shader than 1 5 microsecands or langer than the
conversion ime.

2. IMhe setup time lar Ay cannol be mel, Ihe access lme lor the lrst

data byte will be increased In that case the st dota byle will
bocame vahd 225 ns max aherihe changa of 1he Ag Ing

: & (

[
|
DATA HIGH - |
T
|

1

g pan g
LeTEE T he ff:ﬂ“ﬂ

1 i !

16t 'I-H?.:

IsTg  Statusgoing lew prios 1o RIC going high 0 ns mun
Igs Ag set-up ime priorto RIC gaing high (Nate 2] 100 ns mn
A1 Access ime, 15t data byle (from AYC) 125 ns mas
IRz Access time, 2nd doia byta (from A,) 225 ns max

Figure 6. Timing Diagram Read Cycio,
ARG Going High After Conversion

USING THE Ag LINE

The state of A, at the start of a conversion places the
DAS in either a full 12-bit conversion or in an 8-bit *short
cycle' mode. During a HEAD al the end of a conversion
A is used o formal the data as follows:

1. Prior fo Caonversion (WHITE)

MODE
A=1 Shan cycle 8-tit corverson
A=} Full 12 conversian

2. After Conversion (READ)
A=l Data = Low Byle (LSE)
Ioliowed by reros
Ay =0 Dala = High Byte (MSEB s}
faliewed by madle byte

In a P application A, can be considered a pair of W/R
localions as follows:

1. Prior to Conversion (WRITE} .
MODE

Full 12-5it comversion

Shor cycle 8-bil converssgn

Enﬂ in ko address (A, =0)
WIH =0 n high address (A =1}
2. After Conversion (READ)
WiR = 1 in heghy address (A, =1)
WiH =10 low address (A, =0}

L3B's5-& zeros
8 M3ZB s only
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MICROPROCESSOR INTERFACE ¥

The HT = **" Sanag DAS canbe interfacad with mos|
DOE P TereniucEssors. The DAS —ay be either
pasiioned In a memory ocanus: (memor; - ap) or 2s an
IO device. In the case of memaory mapping, the DAS
acts as a static RAM where READ and WRITE instructions
are gven 1o the selecied address. When the DAS is con-
nected as an /O device. the /0 enable can be
substituted for the MEMR or MEMW command, Figure 7
shows a typical scheme (o implement this interface.

ST5 15 not used in this example; the uP must read daia
J0us after conversion stans. This delay can be generated
with NOP or other instructons inserted betwaen the
WRITE and READ functions. The STS line can also be
used 1o causethe processar to WAIT or HALT or can be
used as an interrupt line such as IREQ (in the case of
6800 or 6502).

SEE TEET - *

” 75 A
ANALOG INPUTS i >

Ta HS f410
SERIES

TALGTdE

W2 o

EHABLE DGR P

rLETY

I
£
Dg-Oy 3
cx
TiLE138 n,_i
A bt 179
hy A b
i
e W1 |
Al o 20
Y e
& I
ADDRESS n
‘“",“.f';fff E E DECODE

our p— ADOWEEL = €5 jcHIP SRLECT]

WOy O, T —]
H% 5410 Function
Ay Ay WR RD ADDA SEL|Aead/Write Operation
X104} o WHITE | MUX ADDRESS
N RN LA ] WRITE | START 12.81T CONV, |
1| r| a WRITE | START 8-BIT CONV
D]X] 1|40 2] READ HIGH BYTE (8 M58's)
i 11%] 1 |0 [4] READ LOW BYTE {4 L5B's)

NOTES:

1. Vndecatid oges HIGH 20 ondicaneg oG LOW. 3 X indcates dont cade.
4 b csles Dosralion commances an kow 10 Migh Iransdion
5-'|_|'ﬂﬂu.'l|l‘l- DRI B1RG COMMITHBnC BN ON Fegh B e 1A

Figure 7. Interfacing the HS 2410 Serios
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INPUT EXPANSION

The DAS is configured with an 8 channal high level
multiplexer input. This was dane 1o oplimize package
size (28 pin DIP) and cost. In the event the USEr wishes
o increase the number of Input channels, a double
rank MUX input is recommendad {senes conrected),
This typical confiquration is shown in Figure B,

ANALDG
WPLITS

]
e | CHASMEL
Er— Mijk ouT

i

HOTE: EXPANSION SHOWM FOR CHANMEL § OF Dag ia

MUXT ADDRESS

R e —
B CHAMMEL wd4W WUEK

Figure 8, Multiplexer Expansion EIRAMSION  ADDAESS

ZERO AND GAIN CONNECTIONS

The DAS is normally used with external zero and gain
calibration potentiometers. However, if maximum ac-
curacy 1s nol required, they may be omitted. The zerg
contral has a range of about + 20LSB, and the gain
control has a range of about + 13158,

Proper gain and zera calibration requires great care
and the use of extremely sensitive and accurate in-
strumenis. The voltage source used as a signal input
must be very stable. It also should be capable of being
set to within 1/10LSB at bath ends af its range,

The DAS's zero and gain adjustments are independent
of each ather if the zero (or offsel) adjustment is made

first,
e 2 :
ADDRESS > 10 23.gg| DBo-DBn >
HS 9410 =
ANALOG SERIES *0 2
INALTS 11448 A g
] 5715 22
+ 15 v fa
200 2= 21 GAIW A &
110
=15 TR
+ 15 vy Ay el L
o 70 OFFSET
.58 GHD %
=15 %
MOTES:
LOOEFRET (VOLTSI = Wg e b 1 Eams) vy 70
122 4 Ay DD - My

Whais By ded A ire shows i § Dl

Figure 8. Gain ang Offset inpur Cannechions

di e Ay

L



ZERO ADJUSTMENT PROCEDURE
1. For unipolar ranges:
a) Selinput vallage precisely to + V2LSB.
t} Adjust zero control until converter 15 swilching
fram 000000000000 1o COOG000C0001
2. For bipolar ranges:
a) Sel input voliage precisely 1o ¥2L5B ahove —-F 5.
b) ‘Adjust zero control until converter is switching
from 000000000000 to 000000000001

GAIN ADJUSTMENT PROCEDURE

1. Satinput voltage precisely to V2L S8 less than ‘all
bits on’ value. Note that this is 1%2L5B less than
nominal {ull scale,

2. Adjust gain control until converter is swatching from
M1 Il 11111111,

Table 4 summarnizes the zero and gain adjustment pro-
cedure, and shows the proper input test voliages used
in calibrating the DAS,

Input Adjust input 19 point
Yoltaga Adijust- Input where converer is
Range ment Voltage just on the verge al
switching between
thiz [wo codes shown.!

DOODO0000000
Z . n
ERD 1.22mv z
010 +10V
AARRARERERETY
GAIM 9.9363V
AR REERRER]
ZERO - 4. 9588Y fifananatn
sy COOOC00000 1
% 111111111110
GAIN 4.5963V
1111111111
COO00o000000
ZERD —59.9975V
2ot 000000000001
+ 10V

I 1111110

GAIN ooy
92 ARARRERRRRER

1 edas shown are natural Berary for unipolar irpul ranges and cHsat Birary 16 Bepolar
rango.

Table 4. Calibration Data

POWER SUPPLY CONSIDERATION

Power supphes used for the DAS should be selecied
for low noise operation. In particular they should be
Iree of high frequancy nose. Unstable output codes
may resull with noisy power sources. It isimportant 1o
remember that 2.44mV 15 1L58 for a 10 volt input.

Decoupling capacitors are recommended on all power
supply pins located as close 1o the converter as poss:-
ble. Suttable decoupling capacitors are 10uF tantalum
type in paraliel with 0.1aF disc ceramic type:

GROUNDING CONSIDERATIONS

The common at pin 5 s the ground relerance paint for
the internal reference and is thus the high qualily
ground for the DAS. In order to achieve all of the high
accuracy perlormance avalable frem the DAS in an
environment of high digilal noise content, care should
be taken when handling analog and digital grounds, as
follows. Where analog and digital grounds are run
separately on the PCEB, these should be connected
together at the package (pin 5). Howeaver, if the
grounds are connected separately in the system lor
other reasans, then only the analog ground should be
connected at the package to pin 5. If digital common
contains high frequency noise beyond 200mV, this
noise may feed through the converter, so that some

- caution will be required.

It s also imporiant in the layout to carefully consider
the placement of digital lines. It i1s recommeanded that
digital ines not be run directly under the DAS. For op-
limum system performance, it space permits, @ ground
plane is advised under the DAS, This should be can-
necied 1o a digital ground. Finally, in packaging the
assembled DAS, the designer should also try o mini-
mize any capacitive coupiing that might oceur at the
top to the device,
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ORDERING INFORMATION

[ l System Full Scale
Model Input Accuracy T.C. Temp. MIL
Number? Range (% FSR) {ppmi=C}) Range Screening
HS 94XxJ +0.025 50.0 0°C to +70°C = N
HS 24X XK +0.012 20.0 0°Cto +70°C -
HS 94Xxx5 SEE +0.025 50.0 —85°C lo +125°C £
HS 94XXT NOTE 1 +0.012 25.0 =-55°C to +125°C —
HS 84XX5/B +0.025 50.0 —55°C 1o +125°C BB3 Rev, C
HS 94XXT/B +0.012 25.0 -55°C to +125°C 883 Rev. CJ
NOTES
1 HS Saxx
gﬁ;ﬂ- ;.:.;qug Specifcarons subwect to changs wehout ndtes
10 0o =100
1" =5y
+10V

A0a mtler sulix as remuernd abwyeg,

CAUTION: ESD (Electro-Static Di
devices are subjected to high en
shunts. Protective foam should
be handled at static safe workst

than 0.5 valls or go below

scharge) sensitive device. Permanent dam

2ge may occur when unconnected

ergy electro-static fields. Unused devices must be stared in conductive foam or

— 0.5 volts. If this condition cannot be

be discharged to the destination socket belore d
ations only. Unused digital

using series resistors or contacl Hybrid Systemns for technical assistance.
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2vices are removed. Devices should
Inputs must be grounded or tied to the legic supply

ed. the voltage at any digital input should never exceed the supply voltage by more
maintained, limit input current on digital inputs by
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82052
CMOS SERIAL
CONTROLLER INTERFACE







) HARRIS

Advance Information

82C52

CMOS Serial
Controller Interface

®

MARCH 1584
Features Pinout
® SINGLE CHIP UART/ERG
e OC TO 16MHz OPERATION
® CAYSTAL OR EXTERNAL CLOCK INPUT ,
@ ONCHIF BAUD RATE GENERATOR Top View
... 72SELECTABLE BAUD RATES o Oy Y ahess
® INTERRUPT MODE WITH MASK CAPABILITY R g: 27 O vee
® MICROPROCESSOR BUS ORIENTED INTERFACE [:? E 3 % ::3 oA
4 25 5
® BOCHG COMPATIBLE R S iy
® SCALED SAJI IV CMOS PROCESS o1 (s 21 1 msr
e SINGLE 5V POWER SUPPLY ca O 72 [ Tenc
® LOWPOWER — 1mA/MHz TYPICAL us Ce nfJco
® MODEM INTERFACE ST . g s
® LINE BREAK GENERATION AND DETECTION a0 1 1a 1 a5n
® LOOPBACK AND ECHO MODES LN L8 =
LN Ak 16 [ s
o ] v 15 [ 500
Description
The B2CS2 is a high performance programmable Universal Asynchronous
Receivar/Transmitter (UART) and Baud Rate Generator (BRG) on a single chip.
Utilizing the Harris advanced Scaled SAJI IV CMOS process, the 82052 will
supperl dala rates from D.C. to 1M baud asynchronously with a 16X clock (0-16
MHz clock frequency).
The on-chip Baud Rate Generator can be programmed for any one of 72 different
baud rates using a single industry standard crystal or extemnal frequency source. A
unique pre-scale divide circuit has been designed to provide standard RS-232-C
baud rates when using any one of three industry standard baud rate crystals
(1.8432 MHz, 2.4576 MHz, or 3.072 MHz).
A programmable buffered clock output (CO) is available and can be programmed
lo provide either a bulfered oscillator or 16X baud rate clock for general purpose
system usage.
Inputs and outpuls have been designed with full TTLICMOS compatibility in order
lo facilitate mixed TTL/NMOS/CMOS system design.
Block Diagram &=
T
oear sare i =i et
BUFERR rl LTaATLR 17
AICIEITINE II:- Bl'!l
B —— sy
g M
LoCic
TRAWIMITTE®N TRARIRTTLA
S S =, e e
-
3
e
1 LEFY 2
o *_j:"_ lluu'::ra i L |
O | GINEn4TON ::'_‘E-E:-: : ::;_::.i::. B
mET —:E-—p-
CONTROL
LOGE
rn +— - . r‘-;:-:t::.:l F 2 v::]' ':’t::l i:
—_— e [ G -
mu;::: : : I:::T:::u “_..m
(17 If g wre
-

CAUTION

: t i 1

Thess devices are senutive to electrastanc discharge. Users should follow standard |€ Handling Procedures.



82C52
82C52 PIN ASSIGNMENTS

PIN

VG

SYMBOL

ACTIVE
LEVEL

DESCRIPTION

i

L

READ: The RD input causes the 82C52 1o cuipuldata to the data bus (D0-07). The data cutput depends
upon he state ol the address inpuis {AD, A1). C50 enables tha RD ingut,

Low

WRITE: Tha WR nput causes dala from the data bus (20-07) to be Input 1o the 82052 Addressing and
chig select action is lhe same as for read operations,

3-10

N}

oo-o7

High

DATA BITS 0-7; The Dala Bus pravides eight, F-slata inputiculput lines far the iransiar of data, control and
status information between the 2052 and the CPU, For characler lormats of less than 8 bits, thi
carresponding D7, D& and DS are considered "dan' caras™ for data WRITE cperations and are 0O for data
READ operations. These lines are normally in a high impedance stale except during read operations, D0
is the Least Significant Bil {LSB) and is the first serigl data bit 1o be received or ransmitted.

11, 12

AD, Al

High

ADDRESS INPUTS: The address lines selact the vanaus intemal registers during CPU bus operations,

13, 14

X, OX

CRYSTALICLOCK: Crystal connectigns for the internal Baud Rate Ganerator. IX can also be used as an
extermal clock input in which case OX should be feft open,

15

S0D0

High

SERIAL DATA QUTPUT Serial data output from the B2C52 iransmitier circuitry. A Mark (1) is a legic one .’
{high} and Space (0] is a logic zern (low). 500 is held in the Mark concdilion when the transmifier is
disabled when CTS is false, RST i true, when the Transmitier Register is empty, or when in the Loop
Mode.

16

GHND

Low

GROUND: Power supply greund connection.

CTs

CLEAR TO SEND: The logical state of the GTS line is reflecled in the CTS bit of the Modem Status
Register. Any change of stale in CTS causes INTR 1o ba seltrue when INTEN and MIEN are rie, A falsa
level on CTS will inhitut transmission of data on the SO0 sutput and will hold SO0 the Mark [high) state.
If CTS goes false during transmission, the current characier being transmitied will ba completed. CTS
does nal affec! Loop Mode operation.

18

DATA SET READY: The logical state of the OSH fine is reflected in the Modem Status Registar, Any
change of stale of DSA will cause INTR to be setif INTEN and MIEN are true. Tha state of this signaldoes =
not alfect any other circuilry within the 82052,

19

Low

DATATERMINAL READY: The DTR signal can be 56t {law) by writing a logic 1 to the roprizte bit in the
Modem Canirol Register (MG R}. This signal is cleared (high) by writing a logic 0 to the TR bitin the MCR
or whenever a AST (high) is applied 1o the B2C52,

Low

AEQUEST TO SEND: The ATS signal can be set (low) by wriling a logic 1 to the appropriate bil in the
MCH. This signal is cleared (high) by writing a logic 0 o the RTS bitin the MCR or whenever a reset (RST
= high) is applied to the 82053,

21

CLOCK OUT: This output isuser programmable to provide either a buberad (X culpal or a buffered Baud
Rate Generator (16x) clock output, Tha buttered X (Crystal or external clock sourea) oulput is provided
when the Baud Rale Select Register (BRSA) bit 7 is st lo a zero. Writing a legic one 1o BRSA bil 7 causes
the CO oulput le provide a buffered version of the internal Baud Rale Generator clock which operates at
sixteen limes the programmed baud rate,

TEBRE

High

TRANSMITTER BUFFER REGISTER EMPTY: The TERE output is set (high) whenever the Tran smifter
Bulter Register (TBA) has transterred its data to the Transmit Register. Application of aresel (RST) o the
82052 will also st the TBRE oulpul. TBAE is cleared tlow) whenever data is wntten to the TBA, I

RST

High

RESET. The RST input forces the 82052 Inta an “ldis” made in which all serial data activities are
suspended. The Modem Coatrol Register (MCR} along with its associaled culpuls are cleared. The
UART Status Register (USR) is cleared except far the TBRE and TC bits, which are sef. The BZCs2
remains in an “ldle” state unlil programmed to resume serial data activities. The AST input is a Schritt
frigger input.

24

INTRA

High

INTERAUPT REQUEST: The INTR cutput is erabled by the INTEN bit in the Modem Control Register
(MCH). The MIEN bit selectively enables modem slalus changes to provide an input 1o the INTR logie.
Figure 2 shows the averall relationship of thess interrupt control signals.

25

so1

High

SERIAL DATA INPUT: Serial data input lo the 82052 receiver circuils, A Mark (1) is high, and a Space (0)

Is low. Data inpuls on SO0 are disabled when operaling in the loop mode or when RST is true, !

1
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e s 82C52
82052 PIN ASSIGNMENTS
ACTIVE
PiN [ 19 SYMBOL LEVEL DESCRIPTION
- "! i) DR High DATA READY: A true level indicates that a characier has been received, translerted la the RBR and is
ready lof transfer to the CPU. DR is reset on a data READ of the Aeeaiver Bufier Register (ABR) ar when
RAST is true,
27 WCC High + 5 VIOLT SUPPLY. Positive power supply connection
28 I S0 Low CHIP SELECT. The ctwp select input acts as an enabie signals for the BID and Wi input signals.
RESET Cso | &1 | a0 | WR | AD OPERATION
Dunng and after power-up, the 82C52 Reset input (AST) o o g 0 1 | Data Bus —s=Transmitter Bufier
should be held high for at least two IX clock cycles in order to - Register (TBR)
initiahze and drive the B2C52 circuits to an idle mode until 0 (] ] 1 0 | Receiver Buller

proper programiming can be done. A high on RST causes the
lollawing events to ocour:

® Resels the internal Baud Rate Generator (BRG) circuits,
clock counlers and bit counters, The Baud Rate Select
Register (BRSR) is nol aflected.
® Clears the UART Status Register (USR) except for Trans-
mission Complete (TC) and Transmit Buffer Register Empty
(TBRE) which are set. The Modem Control Register (MCR)
is also cleared. All of the discrete lines, memoary elements
and miscellanecus logic associated with these reqgister bits
) dre also cleared or lurned off. Note that the UART Control
Register (UCR) is not atlected.
Fallowing removal of the reset condition (AST = low), the
B2C52 remains in the idle mode until programmed 1o ils
desired system configuration,

PROGRAMMING THE 82C52

The complete functional definition of the B2C52 s programmed
by the systems software. A set of control words (UCR, BASA
and MCR) must be sent out by the CPU lo initialize the 82C52
to support the desired communication format. These control
words will program the character length, number of stop bits,
even'odd/no parity, baud rate elc. Once programmed, the
B82C52 is ready 1o perform its communication funclions.

The coniral registers can be written 1o in any order. However,
the MCR should be written to last because it controls the
interrupt enables, modem control oulputs and the receiver
enable bil. Once the 82C52 is programmed and operational,
these registers can be updated any time the 82C52 is not
immediately transmitling or receiving dala.

Tﬂble | shows the control signals required to access 82052
internal registars.

I

Register (FBA)—&=Dala Bus

Data Bus—s=UAAT Contral
Register (UCH)

UART S1atus

Regisler (USA)—=Data Bus

Data Bus—=kodem Control
Reqister (MCR)

MCH—=Dala Bus

=]
=]
=]
-

o
=]
-
L=}

[=]
=]
-
L=

1] 1 1 0 1 | Data Bus —=Bil Rale Select
Register (BRSA)
u] 1 1 1 0 | Modem Status

Hegister (MSA)—=Data Bus

TABLE 1

UART CONTROL REGISTER (UCR)

The UCH is a write only register which configures the UART
transmitter and receiver circuils, Data bits D7 and D6 are not
used bul should always be set lo a logic zero (D) in order to
insure soltware compatibility with futlre product upgrades.
Quring the Echo Mode, the transmitter always repeats the
received word and parity, even when the UCR s programmed
with different or no parity.

UcRh

o7 osfosfos Jo n%ﬂfé-
STEF T SELECT O Vhlop b

ol %ot tein (Tal gt ¥ ylo6 i

1Fwd sl & s deti wrlwcing
1+ Tuton b lor 67 o B cuin zen
prpeaTe

e PARITY CONTROL 000 * T and As Ferm

Q0F # Teand A Dad

Q10 TeEwen, fa Oug

IV Ta Oad, Fa Eean

P00 * T Bvem Wa ifumh doszied
WOk = T Ood, e comch doabsed
VIE = Generabon snd chedk

cratw bl
——— e WORD LEWGTH o = Sen
SELECY o1 = A tmn
18 & } by
11 = Ah
=L RAVED T 1o D 10 TyPeme oo gt

Lo s Compsiitelity

FIGURE 1




i
o 82C52
BAUD RATE SELEC) m=arSTER (BRSA) [} Scconase nivison |
The BZC52 is designed 1o operate with a single crystal or
external clock driving the X input pin. The Baud Rate Salect 384K external !
Register is used lo select the divide ralio lone of 72) for the 192K b
internal Baud Rate Generator circuilry. The internal circuitry is 9600 4
separated inlo two separate counters, a Prescaler and a 7200 163
Divisar Select. The Prescaler can be cet to any ane of four 4800 g
division rates, +1, +3, 4 or =5, 3600 12/1
The Prescaler design has been optimized to provide standard 2400 15
baud rates using any one of three popular crystal frequencies, 000" 58/3
By using one of these comman syslem clock frequancies, 1800 22
1.8432 MHz, 2.4576 MHz or 3.072 MHz and Prescaler divide - 1200 iz
raticsel +3, +4 or =5 respeclively, the Prescaler output will (& a] G4
provide a constant 614.4 KHz, When this frequency is further 100 ' 128 .
divided by the Divisor Select counter, any of the standard baud 200 197 !
rates from 50 Baud to 38.4 KBaud can be selected (see Table 150 265 i
2). Mon-standard baud rates upto 1 Mbaud can be selected by 13a5° 288
using different input frequencies {crystal or an extemnal fre- 110° 359 !
quency input up to 16 MHz) andior different Prescaler and
Divisor Select ratios. & 712 I
a0 168
Regardless of the baud rate, the baud rale generator provides —_—
a clock which is 16 times the desired baud rate. For exam ple, TABLE 2
in order to operate at a 1 Mbaud data rale, a 16 MHz cryslal, a Mote: These baud rales are based upon the following input
Prescale rate of =1, and a Divisor Select rate of "external” frequencyiPrescale divisor combinations,
would be used. This would provide a 16 MHz clock as the 1.B422 MHz and Prescalg = -3
output of the Baud Rate Generator lo the Transmitter and 2.4576 MHz and Proscale = =4
Heceiver circuits. 3.072 - MHz and Prescale = +5
The CO select bit in the BASA selects whether a buffered “All baud rales ara exact except for:
version of the extemnal frequency input {1 input) or the Baud
Rale Generator output (16x baud rale clock) will be output on [T PERCENT
the CO output (pin 21). The Baud Rale Generator output will BAUD RATE ACTUAL ERROR
ahways be a 50% nominal duty cycle exceplwhen “external” is
selected and the Prescaler is setto +3 ar =5, 2000 1986 2 0.65% |
1345 133.33 0.87%
10 e 0.26%
L]
ERSR
MODEM CONTROL REGISTER
[m |Dﬁ|b5|na!mfn:!m]u:l
I =l |_E‘|: : The MCR is a general purpose conlrol register which can be
PRESCALERSELECT 00 5 written lo and read from. The ATS and DTR outputs are
ot directly controlled by their associated bits in this register. Nole
N o=ss that a logic one asserls a true lagic level (low) at these output
pins. The Interrupt Enable (INTEN) bitis the overall control for
= DIVISOA SELECT m t43 the INTR output pin. When INTEN is false, INTR is held false
-
00010 = = 1673 it
HO | =8 The Cperating Mode bits configure the 82C52 into one of four
5313'.’ =1 ::;ﬂ possible modes. “Normal” configures the B2C52 far normal
€010 = = spA full or half duplex communications. *Transmit Break™ enables
00111+ = 22 the transmitter to only transmit break characters (Start, Data
01600 = = 32 and Slop bits all are logic zero). The Echo Mode causes any
IOT data that is received on the SOl inpul pin 1o be re-transmitted
E:E:?: : :;3 on the SDO output pin. Note that this oulput is a butfered
0100 - = 755 version of the dala seen on the SDI input and is nol a
aron =+ g8 resynchronized oulput, Alse note that normal UART trans-
010D = + 357 mission via the Transmitter Register is disabled when aper-
'11';;';'} i 5;;2 aling in the Echo mode (see Figure 4). The Loop Test Mode
14111 .....f.. [P intermally routes transmitted data 10 the receiver circuitry for
the purpose of sell test. The ransmil data is disabled from the
& COSELECT 0 = IKautput SDO output pin. The Receiver Enable bit gates ofi the inputt 1
b= BRG output the receiver circuitry when in the false siate. |
FIGURE 2 Modem Interrupt Enable will permit any change in modem -

status line inputs (CTS, DSR) lo cause an interrupt when this l
bit is enabled. Bit D7 must always ba writien 1o with a logic
zero 1o insure correct B2C52 operation.
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FIGURE 4 — Loop and Echo Mode Functionality

UART STATUS REGISTER (USR)

The USR provides a single register that the controliing system
can examine to delermine if erors have oceurred or if other
status changes in the B2C52 require attention. For this
reason, the USA is usualty the first register read by the CPLU 1
determine the cause of an interrupt or to poll the status of the
82C52.

Three error flags OE, FE and PE report the status of any error
conditions detected in the receiver circuitry. These error flags
are updated with every characler recelved during reception of
the stop bits. The Cverrun Error (QE} indicales that a charac-
ler in the Receiver Register has been received and cannot be
translerred lo the Receiver Buffer Register (RBA) because the
RER was not read by the CPU. Framing Error [FE) indicates
thal the [ast character received conlained improper stop bits.
This could be caused by the absence of the required stop
bit(s) or by a stop bit(s) that was too short 1o be properly
detected. Parity Error (PE) indicates that the last character
received conlained a parity error based on the programmed
parity of the receiver and the calculated parity of the recaived
characier data and parity bits.

The Received Break (RBAK) stalus bit indicates thal the last
character received was a break character. A break character
would be considered 1o be an invalid data characler in that tha
entire character including parity and stop bils are a logic zero.

’The Modem Status bitis set whenever a transition is detected
an any of the Modem input lines (CTS or DSH). A subseguent
read of the Modem Status Register will show the state of these
two signals. Assertion of 1his bit will cause an interrupt (INTR)
1o be generated if the MIEN and INTEN bils in the MCR
register are enabled.

The Transmission Complete (TC) bit indicates that both the
TER and Transmirter Registers ara em pty and the 82C52 has
completed transmission of the last character it was come
manded to transmit. The assertion of this bit will cause an
interrupt (INTR) if the INTEN bit in the MCR register is true.

The Transmitter Buffer Register Empty (TBRE) bil indicates

thal Ihe TER reqister is empty and ready to receive another
character,

The Data_ Ready (DA) bit indicates thal the RBA has been
Ioaded with a received character (including Break) and that
the CPU may access this data,

Assertion of the TBRE or DR bits do not affect the INTR logic
and associaled INTR output pin since the B2C52 has been
designed to provide separate requests via the DR and TBRE
output pins. If a single interrupt for any status change in the
82C52 is desired this can be accomplished by "ORing” DR,
TBRE and INTR together.

Reading the USH clears all of the status hits in the USR
register but does not affect associated output pins.

USSR

[or]=s]oslod] ealos] ] a]

FARITY ERRDRA FE) g = Moo
1 = o
FRAMING ERRDR (FEI (- R e
1 = Erenoe
OvIRRAUN ERRQA G3EN 8 = Nogmor
1 # Emor
RECEIVED AMEAK |AERKE) & ¢ Hotreee
i & Briss
e MODEM STATUS (W & = hoitsba cherge
1 = Sdehn chsng
e TRANSWISLION COMPLETE TTH & * Mot complr
1 = Complair
& TRANGUITTEA BUSFER @ = Horemeey
WEGISTIR EMPTY |TRRES 1 = Empry
#0474 MEADY (DA G = Horressy
T = Fpugy

FIGURE 5

MODEM STATUS REGISTER (MSR)

Tha MER allows the CPU to read the modem signal inputs by
accessing the data bus interface of the B2C52. Like all of the
register images of external pins in the 82052, true logic levels
are represented by a high (1) signal level. By following this
consistent definition, the system soltware need nol be con-
cemed with whether external signals are high or low true. In
particular, the modem signal inpuls are low true, thus a 0 (true
assertion) at a modem inpul pin is represented by a 1 (lrue) in
the MSR.

Any change of stale in any modem input signals will sel the
Modem Status (M3) bit in the USA register. When this hap-
pens, an interrupt (INTR) will be generated il the MIEN and
INTEM bits of the MCRH are enabled.

Tha Data Sel Ready (DSR) inputis a status indicator from the
modem to the B2C52 which indicates that the modem is ready
to provide received dala to the B2C52 receiver circuilry.

Clear to Send (CTS) is both a slatus and control signal from
the modem that tells the 82C52 that the modem is ready to
receive lransmit data from the B2C52 transmitier output
{SDO). A high (false) level on this input will inhibit the 82052
fram beginning transmission and if asserted in the middle of a
transmission will only permit the 82052 10 finish transmission
of the cument characler.
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RECEIVER BUFFER REGISTER (RBR)

The receiver circuilry in the 82052 is programmable for 5,6, 7
or B data bits per character. For words of less than 8 bits, the
dala is right justified 1o the Least Significant Bit (LSB = Da).
Bit D0 of a data word is always the first data bit received, The
unused bils in a less than 8 bit word, at the paraliel interface,
are sel o a logic zero (0) by the B2CE2.

Received data at the SDI input pin is shifted into the Receiver
Register by an internal 1x clock which has been synchronized
lo the incoming data based on the position of the start bit.
When a complete character has been shified inta the Receiver
Register, the assemblad data bils are parallel loaded into the
Feceiver Buffer Register. Both the DR oulput pin and DR flag
in the USR register are set. This doubla buffering of the
received dala permils continuous receplion of data without
losing any of the received data.

While the Receiver Register is shifing a new character into
the B2C52, the Receiver Buffer Register is holding a pre-
viously received character for the system CPU 1o read. Failure
to read the dala in the RBR belore complele reception of the
next characler can result in the loss of the data in the Receiver
Regisler. The OE flag in the USR register indicales the over-
run condition.
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TRANSMITTER BUFFER REGISTER (TBR)

The Transmitter Bufier Register (TER) accepts parallel data
from the data bus (DC-D7) and holds it until the Transmitter
Register is emply and ready to accepl a new character for
Iransmission. The transmitler always has the same word
length and number of stop bits as the receiver. For words ol
less than 8 bits the unused bits at the microprocessor dala bus
are ignored by the transmitter,

Bit 0, which corresponds 1o DO at the data bus, is always the
first serial data bil transmitted, Provision is made for the
Iransmitier parity to be the same or different from the receiver.
The TBRE autput pinand llag (USR register) rellect the status

of the TBR. The TC flag (USH register) indicates when bath
the TBA and TR are empty.
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B2C52 INTERRUPT STRUCTURE

The B2C52 has provisions for software masking of interrupts
generated lor the INTR output pin. Two control bits in the MCR
register, MIEN and INTEN, control modem status interrupts
and averall 82C52 interrupts respactively. Figure 9 illustrates
the logical control Junction provided by these signals,

The madem status inputs (DSR and CTS) will trigger the edge
delection circuitry with any change of status, Reading the
MSR register will clear the detect circuit but has no ellect on
the stalus bils themselves. These status bits alwaysrellect the
state of the input pins regardless of the mask control signals,

versions of the actual input pins,

Mote that the state (high or low) of the status bits are inverted(

The edge delection circuits for the USRH register signals will
lrigger only for a pasitive edge (tue assertion) of these stalus
bits, Reading the USA register not only clears the edge detect
circuit but also clears (sets to 0) all of the stalus bits. The
outpul pins associaled with these slatus bits are not alfected
by reading the USH register,

A hardware resel of the 82C52 sets the TC status bit in the
USR. When interrupts are subsequently enabled an interrupt
can occur due to the fact that the positive edge detection
circuitry in the interrupt logic has detected the sefling ofthe TG
bit. If this interrupt is not desired the USH should be read prioe
to enabling interrupts. This aclion resets tha positive edge
detaction circuitry in the interrupt control logic {Figure 9).

NOTE: For USA and MSR, the setting of stalus bits is in-
hibited during status register READ operations. If a
stalus condition is generated during a READ oper-
alion, the status bil is not set until the trailing edge of
the AD puise.

If the bit was already sel al the time of the READ
cperation, and the same status condition occurs, thal
status bit will be cleared at the Irailing edge of the RD
pulse instead of being set again.
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SOFTWAHE M= FARAMETER ] TYPICAL CAYSTAL SPECIFICATION
’ A software reset of the 82052 is a useful method for relurning Eisyurcy 104 164H:

to a completely known state withaut exercising a complete Tyoe ol Operatan Paralisl resonant, Fundamental moda

system resel. Such a resel would consist of wriling to the :md Eliniﬂiﬂlnr: gLl ?D or 12 pt len |

UCR, BRSA and MSR registers. The USR and ABR registers i D S e eE L i

should be read prior to enabling interrupts in order to clear out - —

any residual data or stalus bits which may be invalid for

subsequent operation. TABLE 3

CRYSTAL OPERATION B

The B2C52 crystal oscillator circuitry is designed to operate L I

with a lundamental mode, paraliel resonant crystal. This cir- |

cuil s the same one used in the Harris 82CE4A clock =

generalor‘diver and the general oscillator operation infor- GND " B2C52

mation which is contained in Tech Brief TB-47 will ba pertinent

lo the B2C52, To summarize, Table 3 and Figure 10 show the

required crystal parametars and crystal circuit configuration I ]

respectively. 1T ax

When using an external clock source, the IX input is driven o

and the OX oulput is left open. Power consumption when

& . ; . " = - 1 =

using an external glqc:k i5 typically 50%_0? that required whlen 51‘ - EE = fﬂ E‘ ‘,3{ Etjg;‘

using a crystal. This is due lo the sinusoidal nature of the drive

circuliry when using a crystal. FIGURE 10

B2C52 - BOCBE INTERFACING : 2 -
special divider circuitry which is designed to supply industry

The following example (Figure 11) shows the interface for an standard baud rates with a 2.4576 MHz input frequency, Using
82C52 in an 80CE6 system. a 15 MHz crystal as shown, resulls in less than a 2% fre-
Use of the Harris CMOS Interrupt Controller (82C58A) is N ancy srior which s adequale for many applications. For
: " : ; more precise baud rale requirements, a 14.7456 MHz crystal
32:5231 e DeCSY Sl e iR e will drivie the BOCBE al 4.9 MHz and provide the B2C52 wilh the
: standard baud rate input frequency of 2.4576 MHz, If baud
By using the Harris CMOS B2CB4A clock qeneralor, the rales above 156 Kbaud are desired, the OSC oulput can ba
system can be built with a single crystal providing both the used instead of the PCLK ( = 6) output for asynchronous baud
processor clock and the clock for the B2C52, The 82052 has rates up to 1 Mbaud,

CHIP SELECT —a=— 50

nm,nnr/[ DO-07
I 82cs52
. SO0}
BOC8S ADDRESS BUS ——s=i AD, A1 SERIAL DATA
BOCES |
HICEE[" IOAD —m=—0| BO L0 - ————

(MAX MODE] | [OWA —s—c{igg

INT |y INT Iy et - INTR, DR, TERE
B2CS9A
NTA P [HTA
CLK Ix
SMHz &

% cik
15 25 MHr

Mz ¥ | e
‘ -L—_f_— Xy OSChs—15 MHz
=

FIGURE 11 — BOCB6/82C52 Interface




} e 82C52
Specifications

ABSOLUTE MAXIMUM RATINGS

Supply Vallaga +8.0 VOLTS Operating Temperatura Range

Operating Voltaga Range +4V o + 7V Commercial 0°Cto +70°C
Input Voltage Applied GHD-2.0V 1o 6.5V Industrial —40°C 1o +85°C
Output Voltage Applied GND - 0.5V 1o VCC + 0.5V Military =55"C to +125°C
Sloraga Temperature Hange =65°C lo +150°C Maximum Power Dissipation 1 Want

CAUTION: Stresses above those listed in the “"ABSOLUTE MAXIMUM ARATINGS™ may cause permmanent damage fo the
device, Thisis a siress only raling and oparation of the device al thase arany other canditions above those indicatedin the
operational sections of this specification is not impiied.

D.C. ELECTRICAL CHARACTERISTICS
VEC=5.0V+10%: T.=0°C 1o + 70°C (CB2C52); T, = — 40°C o +85%C (IB2C52); Ty = - 55°C o +125°C (MB2Cs52)

SYMBOL ] PARAMETER |' MIN MAX ] UNITS ] TEST CONDITIONS
VIH LOGICAL ONE 20 v 182052, CB2Cs2
INPUT VOLTAGE 22 MB2Cs2
VIL LOGICAL ZERG 0.8 v
INPUT VOLTAGE
VTH SCHMITT TRIGGER VCC-05 v RESET INPUT
LOGICAL ONE
INPUT VOLTAGE
VTL SCHMITT TRIGGER GND +0.5 v RESET INFUT
LOGICAL ZERO
INFUT VOLTAGE
VIH (CLK) | LOGICAL ONE CLOGCK VCC-0.5 v EXTEANAL CLOCK
INPUT VOLTAGE
VIL (CLK) | LOGICAL ZERC CLOCK GND+0.5 v EXTEANAL CLOCK
INFUT VOLTAGE
VaH OUTPUT HIGH VOLTAGE 30 v IOH= =25 mA
VCC-0.4 v IOH= - 100 A
VoL CUTPUT LOW VOLTAGE 0.4 v I0L=4+25ma
I INPUT LEAKAGE —1.0 1.0 1A OV=VIN=VCED
CURRENT
1oL CUTPUT LEAKAGE - 100 +10.0 d OV=VO=VCE
CURAENT
ICCop OPERATING POWER 3 mA EXTERANAL CLOCK
SUPPLY CURRENT F=24575 MHz
VCC =58V

VIN=VCC ar GND
QUTPUTS OPEN

*Guaranieed and sampled, but nal 100% tested. ICCOP is typically=1 maMHz.

CAPACITANCE
Ta=25C; VCC = GND = OV VIN = +5V or GND
=i J. o )
[ svmBoL PARAMETER MIN Max | UNITS |  TEST conpmions
- —_— |
'aF, INPUT CAPACITANCE 10 pl FREQ = 1 MHz
Unmeasured pins
returned 1o GND
Cour® CUTPUT CAPACITANCE 15 pt
Gial VO CAPACITANCE 20 pl

*Guaranteed and sampled, bul not 1005 lasted



82C52

A.C. CHARACTERISTICS

. VCC =5.0V=10%; Ta=0°C to +70°C (CB2C52); Ty= —40°C to +85°C (182C52);
Ta= —55°C to +125°C (MB2C52)

Timing Requirements

SYMBOL PARAMETER MIN MAX I UNITS | TEST cunnmnus_|
TSVCTL Select Selup o 3o ns
Caontrof Leading
Edge
TCTHSX Saelect Hokd From 50 ns
Conitral Trailing
Edga
TCTLCTH | Control Pulsa 150 ns Cantrol Consists of RD
Width of WH
TCTHCTL Cantrol Disabla 100 ns
1o Cantrgd Enable
TRLDY Read Low to 120 ns 1
Crata Valid
TRHDZ Read Dizable 0 &0 ns 2
TOWVWH Data Setup Time 50 ns
TWHDX Data Hold Time 20 ns
FC Clock Frequency 0 16 MHz TCHCL+TCLCH must
be =62.5 ns
TCHCL | Clock High Time 25 ns
TCLCH Clock Low Timae 25 ns
TRTF IX Input x ns =Lk
’ RiseFall Time b= g 0 S0ns
(Extermal Chock) whichaver is smallor
TFCO Chock Output 15 ns CL=50p1
Fall Time
TRCO Clock Criput 15 ns CL = 50:pl
Risa Tima
Timing Diagram
BUS OFERATION
WEET RS CWELE
£33, B A ol SELECT wALID

= tEvETL TETLETH ——a TCTHEX
.7, P ’ -
FRITE
OPEMATION o t_.. TOVWH = TmDx
-0 ol vaLID
|

TCTHCTL

[=e= TSWCTR TCTLCTH ——
) L
ArAD
OFERATICN 4 oA j |




A.C. Test Circuits

82C52

CUTPUT
FROM

- « TEST

DEVICE UNDER TEST | fom

R2
oy _%

—— WA

TEST CONDHTIOM v A1 A2 cL

Propagation Delay LIV | 520

@ | 100pF
5k | SopF

(5]

Dizable Delay VCC 5K

A.C. Testing Input, Output Waveform

FROPAGATION DELAY

INPLIT DUTFUT
Wi + B4y

VOH
15V X_ 1.5V
VIL - 0.4y

WaL

ENABLE/DISABLE DELAY

CUTPUT i
10w

AC. Testing: All input signals must switch between VIL

— 0.4V and VIH +0.4V. TR and TF must be less than or
equal to 15ns,
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Package

»

28 LEAD CERDIP/PLASTIC
82Cs2

CERDIP

MIN.

MAX,
All dimensions in inches

NOTE:

5
315

535

[
||

'-,-‘Z I 5 | uul'l.-_F

540
580

'-/*L VT e

008
0z

e

15a

Ordering Information

M D B2Cs2 B
3 T s T
‘ TEMPERATURE PACKAGE DASH 8 PROGRAM-
RANGE TYPE PART
C - Commercial P - Plastic NUMBER
- Industrial D - Ceramic
M - Military X - Die Form
X-25°C

R - Leadless Chip Carrier

NOTICE: Harris Semiconductor's products are sold by dascriplion only. Harris Semiconductor raserves tha right fo meke changes
in circuit design andfor specifications at any fime without notice. Accordingly, the reader is cautioned to verify thal dars sheets are

currant bafore placing ordars.
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SUITES
8050 HORTH B5TH W
PHOENIX, AZ 85258

SUITE 205
6400 CANDGA AVENUE
WOODLAND HILLS, CA 92367

SUITE 300
G400 SHAFER COURT
ROSEMOUNT, IL 80018

SUITE 703
2850 METRO DRIVE
MINNEAPOLIS, MK 55420

(602} 593-87RE (213) 982-0645 (312) I2-4560 (612] 854-3558
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Features

& COMPATIBELE WITH NMOS 8254
-ENHANCED VERSION OF NMOS 8253
THREE INDEPENDENT 16 BIT COUNTERS
SIX PROGRAMMABLE COUNTER MODES

STATUS AEAD BACK COMMAND

BINARY OR BCD COUNTING
FULLY TTL COMPATIBLE
SCALED SAJI IV CMOS PROCESS
LOW POWER

-ICCS8 = 10uA

-ICCOP = 10mA
SINGLE 5V POWER SUPPLY

200 0088

]

& COMMERCIAL, INDUSTRIAL AND MILITARY TEMPERATURE RANGES

Description

The Harris B2C54 is a high performance CMOS Programmable Interval Timer
manufactured wsing a self-aligned silicon gate CMOS process [Scaled SAJ|
IV). The 82C54 has three independantly pragrammable and functional 16

Pinout

nth 7 abe

05 Oz 2 wa

05 ]2 220 Ao

o4 4 il m

03 Os WA

07 05 1907 4p

[T b 1813 CLK 7

g O3 170Ut 2
CLK O g 1607 BATE 2
ouT 0 1o 150 oK
GATE D []11 14]7 GATE )

GHD iz 13 o

0% DE AT Wt

Wit WA A
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w

bit counters, each capable of handling clock input frequencies of up to BMHz. [ r/u ETTET) \
The high speed and industry standard -configuration of the B2CS54 make it sl ik [T
compatible with the Harris BOCEG and BOCES CMOS microprocessars alang with el b
many other industry standard processors. o[dr nJm
L 1 s
Six programmable timer modes allow the 82054 to ba used as an event counter, alh e e nee
elapsed time indicator, programmable one-shot along with many other ap- sl I8 P e FALE o
plications, se[ e 1| Jaaree
Static CMOS circuit design insures low operetion power. Harris advanced SAJ| == T M| S| A

process results in a significant reduction in power with performance egual to

or greater than existing equivalent products.
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Pin Description

[

— @
SYMBOL NUMBER TYPE MAME AND FUNCTION
Dy-Dp 13 1a Data: Bi-directional three state data bus lines, connected 1o system data bos,
CLKD 9 | Clock 0: Clock input of Counter 0,
ouTo 10 4] Cutput 0; Qutout of Counter 0.
GATED LB I Gate 0: Gate input of Caunter 0,
GND 12 Ground: Power supply conngction,
ouT 13 s} Cut 1z Output of Counter 1.
GATE 1 14 I Gate 1: Gate input of Counter 1.
CLE 15 | Clock 1: Clock input of Counter 1.
GATE 2 16 (| Gate 2: Gare input al Coungar 2,
ouT 2 17 =} « Dut 2: Qutpue of Counter 2.
CLK 2 18 | Clock 2: Clock input of Counter 2.
A, A 19-20 | Address: Selecy inputs lar one of the three eounters or Contral
Waord Hegister for read/write operations, Normally connected ta
the systemn address bus,
A1 AD Selecis
0 0 Counter 0
i] 1 Countar 1
1 0 Countar 2
1 1 Conuol Word Register r
cs Fd I Chip Select: A low an this input enables the B2CE4 1o respand 1o
HD and WA signals, AL and WA are ignored otherwise,
AD 22 1 Read: Thisinput is low during CPL! read oparations.
WH 2 1 Write: This input is low during CPL write operations.
VCC 24 Power: +5Y power supply connection,

Functional Description

General
The B2C54 is a programmable interval timer/counter de- migrocomputers which can be implemented with the 82054
signed for use with microcomputer systems. [t isa general are:
purpose, multi-timing element that can be treated as an N
array of /0 ports in the system saftware, * Real time clock
®* Event counter
The BZC54 solves one of the most common problems in ® Digital one-shot
any microcomputer system, the generation of accurate ® Programmable rate generator
time delays under software cantrol, Instead of setting ® SOuare wave generator
up tirming loops in software, the programmer configures the ® Binary rate multiplier
B2C54 10 match his requirements and programs one of the & Complex waveform generator
counters for the desired delay. After the desired delay, * Complex motor controller
the 82C54 will interrupt the CPL. Software overhead
is minimal and variable length delays can easily be ac- Data Bus Buffer
caommodated.
This 3-state, bi-directional, B-bit buffer is used to inter-
Some of the other computer/timer functions common to face the 82C54 to the system bus {see Fiaure 1).
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Figure 1, Data Bus Buffer and Aead/Write Logic Function
Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and generates control signals for the other functional
blocks of the B2C54. A1 and AD select one of the three
counters or the Control Word Register to be read from/
written into. A “low” on the RD input tells the 82C54
that the CPU is reading one of the counters. A “Tow
on the WR input tells the 82C54 that the CPU is writing
ﬁl_rlEr a Control Word or an initial count. Both RD and
WR are qualified by C5: RD and WR are ignored unless
the B2C54 has been selected by halding €S low.

Control Word Register

The Control Word Register (Figure 2} is selected by the
Read/Write Logic when A1, AD = 11. If the CPU then does
@ write operation to the B2C54, the data Is stored in the
Control Word Register and is interpreted as'a Control Word
used to define the Counter operation.

The Control Word HRegister can only be written to; status
information is available with the Read-Back Command.

Counter 0, Counter 1, Counter 2

These three functional blocks are identical in operation,
so only a single Counter will be described. The internal
block diagram of a single counter is shown in Figure 3.
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GCONTAOL
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—— LK 2
= GATE 2
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Figure 2. Control Word Register and Counter Functions

The Counters are fully independent.

operate in a different Mode.

The Control Word Register is shown in
is not part of the Counter itself, but its contents determine
how the Counter operates.

Each Counter may

the figure; it

IHTEANAL BUS

CONTADL

WoRD
REGISTER

Chu oA,
GEATUE
r NEGISTER l

CONTROL (14

Lggic

CAtEn g
CLEm  OUTa

Figure 3. Counter Internal Block Disgram
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The status register, shown in the Figure, when latched, con-
tains the current contents of the Contral Word Register
and status of the output and null count flag. (See detailed
explanation of the Read~Back command.)

The actual counter is labaled CE {for “Counting Element].
It |s a 16-bit presettable synchronous down counter

OLp and OLL are two 8-bit latches. OL stands for “Out-
put Latch”; the subscripts M and L for *"Mast significant
bywe” and “Least significant byte™ respectively.  Bath
are normally referred to as one unit and ealled just OL.
These latches normally “follow™ the CE, but if a suitable
Counter Latch Command is sent to the B2C54, the latches
“latch” the present count until read by the CPU and then
return to “following” the CE. One latch at a time is
enabled by the counter's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicated aver
the B-bit internal bus. Mete that the CE itsalf cannot
be read; whenever you read the count, it is the OL that
is being read.

Similarly, there are two B-bit registers called CRp and TR
{for “Count Register”), Buoth are normally referred 1o
as one unit and called just CR. When a new count is
written to the Counter, the count is stared in the CR and
later transferred to the CE. The Control Logic allows
one register at a time to be loaded from the internal bus.
Both bytes are transferred to the CE simultaneously.
CAM and CRL are cleared when the Counter is pro-
grammed for one byte counts (either most significant byte
only or least significant byte only) the other byte will be
zero, MNote that the CE cannot be written into; whenever
& count is written, it is written into the CR.

The Control Legic is also shown in the disgram, CLK n,
GATE n, and OUT n are all connected to the outside world
through the Control Logic,

B2C54 System Interface

The B2CS54 is treated by the system software as an array
of peripheral 1/0 ports; three are counters and the fourth
is a control register for MODE programming.

Basically, the select inputs AD, Al connect to the AQ,
A1 address bus signals of the CPU. The €S can be derived
directly from the address bus using a linear seiect method
or it can be connected 10 the output of a decoder, such as
a Harris HD-6440 for larger systems,

',' ADDAESS BUS 118 I
s ]
‘e CONTROL BUS }
L[] [0 Joom
E DATA DS (8} 3
T 3 L l l
Ay Ay EF Dy iy A wh
B2C54
COUNTER COUNTER COUNTER
o 1
T 4 I | 2 | e ——
OQUT GATE CLX. OUT GATE CLk| "OUT GATE CLR

T

Figuro 4. 82C54 System Interfacy

Operational Description

General

After power-up, the state of the 87054 i undefined.
The Mode, count value, and output of all Counters are
undefined.

How each Counter operates is determined whan it is pro=-
grammed. Each Counter must be prograrmmed befare it can
be used. Unused counters need not he programmed,

Programming The 82054

Counters are programmed by writing a Contral Ward and
then an initial count.

All Contrel Wards are written into the Control Word
Register, which is selected when A1, A0 = 11. The Cantrol
Word specifies which Counter is being programmed.

By contrast, initial counts are written into the Counters,
not the Controf Word Register. The A1, AD inputs are
used to select the Counter to he written. The farmat of
the initial count is determined by the Control Word used.




Cantrol Wi mpps
AlLLAU= ., =~ 25C=1-WhH=1_

)

D; Dg DOg D,

| sc1 [ sco [ Rwi]Awo [ M2 [ M1 [ mo [sco]

5C — Select Countor:

s5C1 s5Co
0 0 Sefect Counter
o 1 Satect Counter 1
1 o Select Counter 2
1 1 Reag-Back Command
(Sea Bead Opearations)

AW — Raad Write:

AW1 RWD
o o Counter Latch Command (see Read
Cperalions)
o 1 ReadMWrite least signiticant byte only,
1 Q ReadWrite most signilicant byle only
1 1 ReadWrile least signilicant byte first,
thien most signiticant byte,

HOTE: DONT CARE BITS {£) SHOULD BE 0 TO IMSURE
COMPATIBILITY WITH FUTURE FRODUCTS.

Dg Dz D1 DEI
M — MODE:
Mz M1 MO
4] a i) Made O ]
[a] 1 Mode 1
x 1 a Mode 2
x 1 1 Mode 3
1 v] #] Mode 4
1 o 1 Mode 5
BCD:
[+] Binary Counter 16-bits
Binary Coded Decimal (BCD) Counter
|4 Decades)

Figure 5, Control Word Format

’ Writ2 Operations

The programming procedure for the B2C54 is very ilexible,
Only two conventions need to be remembered:

1. For each Counter, the Control Word must be written
before the initial count is written,

2. The initial count must follow the count format specified
in the Control Word (least significant byte only, most
significant byte only, or least significant byte and then
maost significant byte),

Sinee the Control Word Register and the three Counters
have separate addresses (selected by the A1, AQ inputs),
and each Contral Word specifies the Counter it applies 1o
[SCO, SC1 bits), no special instruction sequence is required,
Any programming sequence that follows the conventions
above is acceptable,

A new initial count may be written to a Counter at any
time without affecting the Counter's programmed Maode
in any way. Counting will be affected as described in the
Mode definitions. The new count must follow the pro-
grammed count format.

If a Counter is programmed to read/write two-byte counts,
the following precaution applies: A program must not
transfer control between writing the first and second byte
to anather routine which also writes into that same Coun-
ter. Otherwise, the Counter will be leaded with an in-
correct count.

Read Operations

It iz often desirable to read the value of a Counter without
disturbing the count in progress. This is easily done in the
832054,

There are three possible methods for reading the Counters.
The first is through the Read-Back command, which is
explained later. The second is a simple read operation
of the Counter, which is selected with the A1, AD inputs.
The only requirement is that the CLK input of the selected
Counter must be inhibited by using either the GATE input
or external logic., Otherwise, the count may be in process
of changing when it is read, giving an undefined result.




Ay 'qﬂ A, -n-u
Control Word — Counter i I 1 Control Word — Counler 2 1 1 F
L5B ol ecount — Counter o o Control Worg — Counter 4 1 1
MSB of count — Counter o 9 0 Control Ward — Counler o 1 3
Cantral Ward — Counter 1 1 1 L3B of count — Counter z 1 D0
LS8 of count — Caunter 1 a 1 M5B of counl — Countor 2 t 0
M5B of count — Ceunter 1 L R | L58 of counl — Counter [ |
Contral Word — Counter 2 1 1 MSB of count — Counter 1 a 1
L58 ol count — Counlar 2 10 L38 of count — Counter g o0 0
M58 of count — Counter 2 1 0 M5B of counl — Countar D 0 o

Ay Ag Al Ay
Cantrol Word — Counter 0 1 1 Contral Word — Counter 1 1 1
Control Waord — Cauntar 1 1 1 Cantrel Word — Counter 0 1 1
Control Ward — Counter 2 5 L | LS8 of count — Counter 1 o
L38 of count — Coupter 2 ) | Controf Word — Counter 2 1 1
LSH of count — Counter 1 L R | LS8 ol eount — Counter 0 a o
L5B ol count — Counter o o0 0 M58 af count — Counter 1 {1 B
MEB of count — Caunter 0 g 0 L58 of count — Counlar 2 1. ‘D
M5B of count — Caunter 1 [+ R | MEE of count — Counter o a o
MS8 ol count — Couner 2 1 0 M38 ol count — Counter 2 T 0

WOTE; 1M ALL FOUR ETARBES, ALL COUMTERS ANE PROGRANMED T RAIACASRITE TWO BTTE COLNES
THESE 48E DY FOUR OF saky POSSIALE FROCEAMMIKG SEQUENCTS J

Figure 6, A Faw Posible Programming Sequences

Counter Latch Command

The other method involves a special software command
called the “Counter Latch Command”. Like a Control
Werd, this eommand is written 1o the Control Word Reg-
ister, which is selected when Al, AD = 11. Also, like 3
Control Word, the SCO, 5C1 bits select one of the thres
Counters, but twa other bits, D5 and D4, distinguish this
command from a Control Word,

Aj,Ag=11; CS=0; RD=1; WR=0

D, Dg D Dy D4 D, D, Dy
[sc1]sco [0 Jo [ x [x |x | x]

SC1,5C0 — specily counter to be latched

sC1 sco Counter
0 ] 0
0 1 1
1 0 2
1 1 Read-Back Command |

D5.04 — 00 designates Counter Latch Command

X — don't care

NOTE: DON'T CARE 8175 [X) SMOULD BE 0 TO INSURE
COMPATIBILITY WITH FUTURE FRODUCTS

Figurn 7, Counter Latch Cammand Faormat

The selected Counter's output latch (OL) latches the count
when the Counter Latch Command is received. This count
is held in the |atch until it is read by the CPLU {or until the
Caounter is reprogrammed). The count iz then unlatched
automatically and the OL returns to following the count-
ing element (CE). This allows reading the contents of the
Counters on the fly without affecting counting in proaress.
Multiple Counter Latch Commands may be used to lateh
mare than one Counter, Each latched Counter s OL holds
its count until read, Counter Latch Commands do not
affect the programmed Mode of the Counter in any way.

If a Counter i¢ latched and then, some time later, lawched
again before the count is read, the second Counter Latch
Command is ignored. The count read will be the count
at the time the first Counter Latch Command was issued.

With either method, the count must be read according to
the programmed format; specifically, if the Counter is pro-
grammed for two byte counts, two bytes must he read.
The two bytes do not have to be read one right after the
other; read or write ar programming operations of other
Counters may be inserted between them.

Anather feature of the BZCS54 is that reads and writes of
the same Counter may be interleaved; for example, if the
Counter is programmed for two byte counts, the fﬂ”ﬂlwlng
sequence is valid.

1. Read least significant byte.
2. Write new least significant byte,
3. Read maost significant byte.
4. Write new most significant byte,
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IT a Counter Is programmed to read or write two=byte
counts, the following precaution applies: A program
MUST NOT transfer control between reading the first
and second byte to another routine which also reads fram

that same Counter. Otherwise, an incorrect count will
be read,

Read-Back Command

The read-back command allows tha user 1o check the
count value, programmed Mods, and current state of the
OUT pin and Mull Count flag of the selectad counter(s),

The command is written into the Control Word Register
and has the format shown in Figure 8.  The command
#pplies 1o the counters selected by setling their corres-
ponding bits D3, D2, D1 =1,

A0 4111 C5=0 Afli=1 WA=0

Of Oy By Ds 0y ] oy (=3

' [ 1 COUNT [STATUS] otz | et | Enta o

Dyt 0 - LATCH COUNT OF SELECTED COUNTER[S)

Dy: 0« LATCH STATUS OF SELECTED COUNTERYS)
D41 « SELECT COUMTER 2
Oz 1 - SELECT COUMTER 1
0q: 1 - BELECT COUNTER 0

Dt RESERYED FOR FUTURE EXPANSION, MUST BE 0

Figure 8, Read-Back Command Farmat

The read-back command may be wused to latch multiple
counter output latches (OL) by setting the COUNT hit
D5 = 0 and selecting the desired counter(s)., This single
comemand is functionally equivalent to several counter latch
commands, one for each counter latched, Each counter's
latched count §5 held until it is read lor the counter is
reprogrammed). That counter is automatically unlatched
when read, but other counters remain latched until they
are read. [T multiple count read-back commands are issued
to the same counter without reading the count, all but the
first are ignored; ie., the count which will be read is the
count at the time the first read-back command was issued.

The read-haek command may alse be used to latch stamus
information of selected counter(s) by setting STATUS
bit D4 = 0. Status must be latched o be read; status of
a counter is accessed by a read from that counter,

The counter status format is shown in Figure 9.  Bits
DS through DO contain the counter's programmed Mode
exactly as written in the last Mode Contral Waord., OUT-
PUT hit D7 contains the current state of the QUT pin.
This allows the user 1o monitor the counter’s culpul via
software, possibly  eliminiting some . hardware from a
SYStem.

MULL
QuTRUT count| W1 Awn

[=H Og Dy Oy oy oy o Og
Dy 1= QUT PIH IS 1
0= QUT PIN IS0

M2 I M1 ma | @co
Dg 1 = NULL COUNT

0 = COUNT AVAILABLE FOR READING
Dg-0y COUNTER PROGAAMMED MODE (SEE FIGURE 5)

Figure 3. Status Byte

MULL COUNT bir DS indicates when the last count written
to the counter register (CR} has been loaded into the
counting element {CE). The exact time this happens
depends on the Mode of the counter and is described in the
Made Definitions, but until the eount is loaded into the
counting element (CEJ, it can't be read from the counter.,
If the count is latched ar read before this time, the count
value will not reflect the new count just written. The op-
eration of Null Count is shown in Figure 10,

THIS ACTION: CAUSES:

WRITE T0 THE CONTROL woRD REGISTER: | wuLL counr-1
WRITE TO THE COUNT REGISTER (cRjl &) HULL COUNT =1
HEW COUNT IS LOADED INTO CE {CA—=CE]; HULL COUMNT =0
OMLY THE COUNTER SPECIFIED BY THE CONTRCHL WORD WILL HAVE

ITS HULL COUNT SET TQ 1 NULL COUNT BITS OF OTHER COUNTERS
ARE LUMAFFECTED

IF THE COUNTER IS PROGRAMMED FOR TWO-BYTE COUMTS (LEAST
SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE] NULL COUNT
GOES TO 1 WHEN THE SECOND BYTE 15 WRITTEN

—p@A®

2§

Figurs 10, Null Count Operation

If multiple status latch operations of the counter(s) are
performed without reading the status, all but the first are
ignored; i.e., the status that will be read is the status of the
counter at the tima the first status read-back command was
issued,

Both count and status of the selected counter(s) may be
latched simuhtaneously by setting both COUNT and STATUS
bits D5, D4 = 0. This is functienally the same as issuing
two separate read-back commands at once, and the above
discussions apply here also, Specifically, if multiple count
and/or status read-back commands are issued to the same
counter(s] without any intervening reads, all but the first
are ignared. This is illustrated in Figura 11,

If both count and status of a counter are latched, the first
read operation of that counter will return latched status,
regardless of which was latehed first, The next one or two
reads (depending on whether the counter is programmed
far one or two byte counts) return latched count. Subse-
guent reads return unlatched count,
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CS [ AD | WR | A, | A,

Q 1 0 0 0 | Write into Counter o
1] 1 0 ] 1 Write into Counter 1
0 1 0 1 0 | Write into Counter 2
] 1 0 1 1 Write Caontrol Ward

0 ] 1 0 0 Read from Counter 0
o 0 1 0 1 Read from Counter 1
0 1] 1 1 0 Read from Counter 2
2] 0 1 1 No-Operation (3-State)
1 X X % | Mo-Operation [3-State)
] 1 1 x No-Operation {3-S1ate)

Figure 12, Aead/Write Dperations Summary
Mode Definitions

The following are defined for use in deseribing the opera-
tion of the B2C54.

CLK PULSE: arising edge, then a falling edge,
in that order, of 8 Counter’s CLK input.

TRIGGER: a rising edge of & Counter's Gate input.
COUNTER
LOADING:  the transfer of a count from the CR 1o the

CE {See “Functional Description®)

Meode 0; Interrupt on Terminal Count

Mode 0 is typically used for event counting. After the

Control Word is written, QUT s initially low, and will
remain low until the Counter reaches zero, OUT then
goes high and remains high until 3 new count or & new
Mode 0 Control Ward is written to the Counter.,

GATE = 1 enables counting: GATE = 0 disables counting.
GATE has no effect on QUT.

After the Control Word and initial count are written 1o
8 Counter, the initial count will he loaded on the next
CLK pulse. This CLK pulse doss nor decrement the count,
so for an intial count of N, OUT does not go high until
N + 1 CLK pulses after the initial count i written.

If a new count is written to the Counger it will be loaded
on the next CLK pulse and counting will continue from
the new count. If a two-byte count is written, the follow-
ing happens:

1 - Writing the first byte disables counting. Out is set
low immediately (no clock pulse required),

2 = Writing the second byte allows the new count to be

leaded on the next CLE pulse,

This allows the counting sequence to be synchronized by
software, Again OUT does not go high until N + 1 CLK
pulses after the new count of N is written.

If an initial count is written while GATE = 0, 1t will still
be loaded on the next CLK pulse. When GATE goes high,
OUT will go high N CLK pulses later; no CLK pulse is
needed to load the Counter as this has already been done.

Command
D D; D Dy D; D; D, Dg

Descriplion Resull

1 1|00 ]0 Dl‘l 0

Read back count and stalus of

Count and status latched

Counter 0 far Counter O
3 o b 1 o] | o Read back status of Counter 1 Status latched lor Counter 1
1 1 i 1 1 Read back status of Counters 2, 1 Status lalched lor Counter

2, but not Counter 1

Aead back count ol Counter 2

Count latched lor Countar 2

1 1 oG |0 0 Read back count and status of Count latched for Counter 1,
Counter 1 but not status
1 1 1 | Q|0 |0 1 a Read back slatus of Counter 1 Coemmand ignored, status

already latched {or Counter 1

Figure 11, Aead-Back Command Example
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e iode 1: Hardware Retriggeranle Dhe-Shot pulses after any trigger: The one-shot pulse can be repeated

9

OUT will be initially high. OUT will go low an the CLK
pulse following a trigger to begin the one-shot pulse, and
will remain low until the Counter reaches zern. OUT will

then go high and remain high until the CLK pulse after the
next trigger,

After writing the Control Word and initial count, the
Counter is armed. A trigger results in loading the Counter
end setting OUT low on the next CLE pulse, thus starting
the ane-shot pulse N CLK cycles in duration. The one-
shot is retriggerable, hence OUT will remain low for N CLK

CW =10 i50ma
Wl
GATE

CHEIL N [P e

CWe=10 LSH=3]

L

GATE ]l__lr___
o _ | [
S 0 G T 0 B

I

GATE

our :Fl J

wlolwlw]3lalsl2ls]s]%

MOTE THE FOLLOWIHG CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS:
1, COUMTERS ARE PAOOAAMMED FOR BINARY (NOT DCO] COUNTING AND FOR
READIMCWAITING LEAST SEGHIFICANT BYTE (LSB ONLY

THE COUNTER IS ALWAYS SELECTED (CF ALWAYS LOWL

Cw STANOS FOR “CONTRAOL WORD™; CW = 10 MEAMS A COWTAGL WORD OF 15,
HER IS WRITTEN TO THE COUNTER

LER STANDS FOR “LEAST SIGMIFICANT BYTE™ OF COUNT

HUMBIRS BELOW DIAGAAMS ARE COUNT VALUES

THE LOWER NUMBER 15 THE LEAST SIGMIFICANT BYTE

THE UFPA MUMBER I5 THE MOST SIOWIFICANT RYTE SINCE THE COUMTER
IS FROGRAMMED TO READIWRITE LS8 OMLY. THE MOST SIGMIFICAMT BYTE
CANNOT BE READ

M STAMDS FOR AN UNDEFINED COUNT

WERTICAL LINES SHOW TRANSITIONS BETWEEM COUNT VALUES

[ )

without rewriting the same count into the counter. GATE
has no effect on QUT,

If a new count is written to the Counter during a one-shot
pulse, the current one-shot is not affected unless thae
Counter is retriggered, |n that case, the Counter is Ioaded
with the new count and the one-shot pulse continues
until the new count expires,

Mode 2: Rate Generator

This Mode functions like a divide-by-M counter. It is
typically used to generaste a Real Time Clock interrupt.
OUT will initislly be high. When the initial count has
decremented to 1, OUT goes low for one CLE pulse, DUT
then goes high again, the Counter reloads the initial count
and the process is repeated. Mode 2 is pericdic: the same
sequence is repeated indefinitely. Far an initial count
of M, the sequence repoats every N CLE cycles.

CWai1l LSBx)

e S e e T 59
out -___r J h

CWa1i L58e3

i T ) W

CWell L5822

S e L
e A T e /) i

=
s
=
x
5T
5o
==
SEi

FF | FF | @
| el fel |

o

Figura 13, Mode O

Figure 14, Moda 1
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GATE = 1 enables Counting, GATE = 0 ¢ -.ples counting. Mode 3;: Sguare Wave Made

If GATE goes low during an output pulse, OUT is set

high immediately. A trigger reloads the Counter with the Mode 3 is typically used for Baud rate generation. Mode

initial count on the next CLK pulse; OUT goes low N 3 is similar to Mode 2 except for the duty evele of OUT,

CLE pulses after the trigger. Thus the GATE input can OUT will initially be high. When hatf the initial count

be tsed to synchronize the Counter, has expired, OUT goes low for the remainder of the count,
Mode 3 is periodic; the sequence above is repeated indef-

After writing a Control Word and initial count, the Counter initely, An initial count of N results in a square wave

will be loaded on the mext CLK pulse: QUT goes low N with a period of N CLK cycles.

CLK pulses after the jnitial count is written. This allgws

the Counter to be synchronized by software also, GATE = 1 enables counting; GATE = 0 disahles counting.,
If GATE goes low while QUT is lew, OUT is set high

Writing a new count while counting does naot affect the immediately; no CLE pulse i required. A trigger reloads

current counting sequence.  |f a trigogr is received after the Counter with the initizl count on the next CLK pules,

WIling 2 new count but befare the end of the current Thus the GATE inpur can be used to synchronize the

period, the Counter will be loaded with the new count Counter.

on 1he next CLK pulse and counting will continue from the

new count.  Otherwise, the new count will be loaded at After writing a Control Ward and initial count, the Counter

the end of the current counting cyele. will be |oaded an the next CLE pulse. This allows the

Counter to be synchronized by software also:

Writing a new count while counting does not affect the
CW=id [EB=3

“ UL c
" —] L “ UL WAL
a J o

|"'|"'|“'|"'IJ

CWom1a LsB=d

LS00 VIR ) W R REER LR R AT IR B

CWail  LiBay
s UL UM " 1

wa :::J'_ ) nw == ] 1 7

ol ow]w]|g]e]2]2)2

CWerd LSBud LEfey EWail  [iBed

s

on 2] o S = i

R ER AL B AR SRS R RAR R AR R A AT S R T
Figura 15. Mode 2 Figure 16, Modas 3
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CUTTENT COutiing wimr B, U @ trigyer 5 received after
writing a new count but hlefnre the end of the current
half-cycle of the square wave. the Counter will be lpaded
with the new count on the next CLK pulse and counting
will continue from the new count, Otherwise, the new
count will be loaded at the end of tha current half-cycle.

Made 3 is implementad as foliows:

EVEN COUNTS: OUT s initially high. The initial count
is loaded on one CLK pulse and then is decremented by
two on succeeding CLK pulses. When the count expires
OUT changes value and the Counter is reloaded with the
initial count. The above process is repeated indefinitely,

ODD COUNTS: OUT is initially high. The initial eount is
loaded an one CLK pulse, decremented by one on the next
CLK pulse, and then decremented by two on succeding
CLK pulses. When the count expires, OUT goes low and
the counter is reloaded with the initial count: The count
is- decremented by three on the next CLK pulse, and
then by two on succeeding CLK pulses, When the eount
expires, QUT goes high again and the counter 15 reloaded
with the initial count. The above process is repeated in-
definitely. So for odd counts, OUT will be high for
{N+1)/2 counts and low for (N-1)/2 counts.

Mode 4: Software Triggered Mode

OUT will be initially high. When the initial count expires,
OUT will go low for one CLK pulse and then go high
again, The counting seguence is “Triggered® by wWriting
the inftial count.

GATE = 1 enables counting; GATE = 0 disables counting;
GATE has no effect on OUT,

After writing a Control Ward and initial count, the Counter
will be loaded on the next CLK pulse. This CLK pulse
does not decrement the count, so for an initial count of
N. OUT does not strobe low until N + 1 CLK pulses afrer
the initial count is written,

If & new count is written during counting, it will be loaded
on the next CLK pulse and counting will continue fram the
new count, If a two-byte count is written, the following
happens:

1. Writing the first byte has no effect an counting,
2. Writing the second byte allows the new count to he
loaded on the next CLK pulse.

This allows the sequence to be “retriggered” by software,
OUT strobes low N + 1 CLK pulses after the new count
of M is written.

1"

82C54

CWall L53wl
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GATE

aur r
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Figure 17, Mode 4

Moade 5: Hardware Triggered Strobe {Retriggerable)

OUT will initially be high, Counting is triggered by a rising
edge of GATE. When the initial count has expired, OUT
will go low for one CLK pulse and then go high again.

After writing the Control Word and initial count, the
counter will not be lpaded until the CLK pulse after a
trigger.. This CLK pulse does not deerement the count,
so for an initial count of N, OUT does not strobe low until
N+1 CLK pulses after trigger.

A trigger results in the Counter being loaded with the
initial count on the next CLK pulse. The cournting
sequence s retriggerable. OUT will not strobe low for
N + 1 CLK pulses after any trigger. GATE has no effect
an QUT,

If 3@ new count is written during counting; the current
counting sequence will not be affected. If a trigger occurs
after the new count is written but befare the current count
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expires, the Counter will pe 1o0aded with the ~aw count
on the next CLE pulse and counting will continue from
thera.

Operation Common to all Modes
Programming

When a Control Word is written to a Counter, all Contral
Logic is immediately reset and QUT goes to a known in-
itial state; no CLK pulses are required for this.

Gate

The GATE input is always sampled on the rising edge of
CLK. In Modes 0,2, 3, and 4 the Gate input is level sensi-
tive, and the logic lavel is sampled on the rising edge of
CLK. In Modes 1, 2, 3, and 5 the GATE input is rising-
edge sensitive. |n these Modes, a rising edge of Gate (trig=
ger) sets an edge-sensitive flip-flop in the Counter. This
Hip - flop is then sampled on the next rising edge of CLK.

CWwik L58w]

s 0! i ||
S L

Lol L] w1 2008 o 2

CWalh  158a3

Cwefl, LEBw) LiE =5

il 8 O ) e [

Wil T i e [ e ) ]
| i 1800 1 I 1 @ | o FE ‘l[i

Figura 18, Mode 5

The flip - flop is reser immediately after it is sampled,
In this way, a trigger will be detected no matter when it
ooturs - @ high logie fevel does not have to be maintained
until the next rising edge of CLK. Note that in Modes
2 and 3, the GATE input is both edge - and level - sepsitive.

Counter

MNoew counts are loaded znd Counters are decrementsd an
the falling edge of CLK,

The largest possible initial count is O: this is equivalent
to 218 for binary counting and 104 for BCD counting,

The Counter does not stop when it reaches zero. In Mades
0, 1, 4, and 5 the Counter “wraps around* to the highest
count, either FFFF hex far hinary counting or 9999 for
BCD counting, and continues counting.  Modes 2 and 3
are periodie; the Counter reloads itself with the initial
count and continues counting from there,

Signal Low
Siatus Or Gelng Rising High
Modas Low
o Disables —_— Enaoles
counting counfing
1 . 1) Initiates —
counling
2] Resets oulput
alternext cigck
z 1} Disablas
cauniing Initiates Enabiles
2] Sels outpul counting counting
Immadiately
high
3 1) Disahles
counting Initiates Enables
2} Sets oulpul counting counting
immedialely
high
4 Disables —_—— Enables
caunling counting
5 —— Initiates —
counling

Figure 19, Gate Pin Oparations Summary
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Figura 20, Minimum and Maximum Initial Counts
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Specifications
ABSOLUTE MAXIMUM RATINGS
Supply Voliage +B.0Voits
Input, Output or /0 Voltage Applied GND -0.5V to VOO +0.5Y
Storage Temperature Range -659C to +1502C
Maximum Package Power Dissipation 1 Watt

CAUTION:  Stresses above those listed in the “ABSOLUTE MAXIMUM RATINGS™ may cause permanent damage
to the device. This is a stress only rating and operation of the device at these or any ather conditions shove those
indicated in the operational sections of this specification is not implied.

RECOMMENDED OPERATING CONDITIONS

Operating Voltage Aange +4.5V to +5,5v
Operating Temperature Aanges:
Commercial 02C to +700C
Industrial -409C ta +B50C
Military -550C to +1250C

D.C.ELECTRICAL CHARACTERISTICS
VCC = 5.0V+10%;TA = 02C 1o +70°C (CB2C54);TA ==4009C 10 +850C (I82C54); TA = -550C 10 +1250C (M&2C54)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
VIH Logical One 2.0 v LCH2C54, 182054
Input Voltage 2.2 v MB2ZCS5q
Vil Logical Zero 0.8 v
Input Voitage
VOH Outpue High Vaitage 30 W IQH= -2 5maA
VCE-04 v IOH= ~100 A
VoL Cutput Low Yoltage 04 W IOL = +2 5ma,
e Input Leakage Current -1.0 +5.0 LA OV EVINGVED
10 Outpur Leakege Current -10.0 +10.0 A OVEVOSYED
ICCSE Srandby Power Supply Current 10 HA VEC= 5.6y
VIN =VCC or GND
QUTPUTS OPEN
ccop Operating Power Supply Current 10 ma, VG = 55y
CLE FREQ = BMH;
QUTPUTS OFEN

CAPACITANCE
TA =250C; VCC=GND =0QV; VIN = 45V ar GND
SYMBOL FARAMETER TYPICAL LINITS TEST CONDITIONS
Cin Input Capacihtance 5 pF EREQ = 1MH:

Unmeasured ping
returned to GND

CayuT Qurpur Capacitance 15 pE

Cya 110 Capacitance 20 pF

13




82C54
A.C. CHARACTERISTICS

VEC = +5VE10%: TA = goC 1o +700C (CBZC54 ETA = -409C to +850C (I82C54): TA = -550¢ to +1250C (MB2Cs4 )

Bus Parameiary

READ CYCLE B2C54
SYMBOL PARAMETER Mk MAX | UNITS TEST CONDITIONS
TAR Address Stable Before AD a0 ns 1
TsR C5 Swable Before AD o ns
TRA Address Hald Time Afrer B0 a ns
TRR RD Pulse Width A 150 ns
TRD Dats Delay from RAD 120 ns
TAD Data Delay from Address 210 n1
TOF AD to Data Floating g 85 ns 2
TRV Command Recovery Tims 200 ns
WRITE CYCLE
TAW Address Sisbile Befare WH i) ne
TSW C5 Stable Before WFI_ a ns
TWA Addresz Hold Time WH u} ns
TWW WR Pulse Width | a5 ns
TOW Darta Setup Time Before WH 140 ns
TWDO Data Hald Time Afer Wa 25 s
TRV Command Recavery Time 200 ng
CLOCK AND GATE
TCLK Clock Period 126 (3] ns 1
TPWH High Puise Width GO ns 1
TPWL Low Pulse Width 60 ; ng 1
TR Clock Rize Time 25 nis
TF Clock Fall Time 25 ns
TCW Gate Width High 50 mnE :
TGL Gate Width Low 50 ns
TGS Gate Setup Time to CLK 50 ne
TGH Gate Hold Time Alter CLE 50 ns
TOD Ouiput Oelay from CLE 150 ns
TODG Dutput Delay from Gatn 120 ns
WO QUT Delay from Maode Wrize 260 ns
A.C. Test Circuits
vV
|_ TEST
R1 CONDITION W1 R1 Az | o1
1 1.7V 523 OPEN | 150pf
Y LEHEERON TEST POINT 2 5.0V 2K 1.7k | 50pi
DEVICE UNDER TEST
m2 ci*
I TEST CONDITION DEFINITION TABLE
*Includes stray and jig capacitancea
A.C. Testing Input, Qutput Waveform
INPUT oUTPUT

VIH + 0gy VOH

% ><1.5v
VIL- 0.4y woL

A.C. Testing: All input signals must switch between VIL -0.4Y and VIH +0.4Y
Input rise and Fall times are driven at 1ns/V,

L 14 I




L 82C54

Waveforms
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o Packaging
24 LEAD CEROIP 24 LEAD PLASTIC (
o |
s |——— 12 | e | 2 !
50 | | I 14% i = I
—= 4
w| | & | §
s R [ | w0 =TT ) [
— | B m. —eE—— ] i E
_lu!.u ” | =
JBIE
i) oin HF 2 0
—r—
1]
& M
& i _"-."' NOTE: 1) Dimensionsare: h.T.-Ilﬂ‘x
- e 2} All Dimenzions in inches
TOP VIEW
28 PIN LCC e 28 PIN PLCC
.8
m
e

L]

=] L1

Ordering Information

i s scss /8
TEMPERATURE PACKAGE
RANGE TYPE
C = Commercial P — Plastic
| = Industrial 0 — Ceramic
M — Military % — Chip Form B: Dash 8 Hi-Ael Program
K —250C R — Leadless +:  Plus Program - Industrial
Chip Carrier Temperature w/160 hr. burn-in
5 — Plastic Leaded PART
Chip Ceramic NUMBER

NOTICE: Hareis Semiconductor’s wroducts are sold iy description anly. Harris Semiconducior reserves
the right to make changes in circuit design and/or specifications at any time without notice. Accordingly,
the readfer is cautioned to verify that oata sheets are current belore placing orders.
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CMOS
8/16 BIT MICROPROCESSOR
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Features Pinout
® COMPATIELE WITH HMOS BOAS
¢ DIRECT SOFTWARE COMPATIBILITY WITH BOCAS, 6085, 5068
= 8 BiT DATA BUS INTERFACE r.:g:z l..’.“n‘n‘g
® 16 BIT INTERMAL ARCHITECTURE S
» COMPLETELY STATIC DESIGN GHO. [ 9T Ve
hgcc-im:um:p At 2 /[ as
- :::w POWER nm}u S e il
b ICCSS = 500 C A Ot a1z ] AMisa
B ICCOP — 1 Hz Al []s 36 [] MWArSs
® 1 MBYTE OF DIRECT MEMORY ADDRAESSING CAPABILITY Mg [1s L] Anwise
® 24 OPERAND ADDRESSING MODES A3 2 ] == (HIGH)
= BIT, BYTE, WORD, AND BLOCK MOVE OPERATIONS At le 137 MHEE
® B AND 16 BIT SIGNED/UNSIGNED ARITHMETIC a07 s wh 7o
* BUS-HOLD CIRCUITRY ELIMINATES PULL-UP RESISTORS BOCES
® SCALED SAJ IV CMOS PAOCESS 408 L1 Tepy NP Mot (FGAETE)
* SINGLE 5V POWER SUPPLY AGY CEn L1 HLOA  (ROET)
® COMMERCIAL, INDUSTRIAL AND MILITARY TEMPERATURE RANGES A [z s Wh (COER)
an3 [z ] ok =3
DES{'.'HbﬂGﬂ aD2 ] 14 @] omR 51
At (15 ®[] BER 154}
The Harris B0CB8 high performance 8/16 bit CMOS CPU is manufactured using a Ao [} 1 B ALE 1050
seli-aligned silicon gate CMOS process (Scaled SAU| V). Two modes of operation, WeE ] 17 [ WA a5
MINimum for small systems and MAXimum far larger applications such as multi- INTR [ 1a ] T
processing, allow user configuration 1o achieve the highest parformance level, Full cek [ 1w 2] Reaoy
TTL compatibility and industry-standard eperation aliow use of existing NMOS 8088 ene Hso )
hardware and Harris CMOS 80C86 peripherals. Complete software compatibility B i i
with the BOCB6, B08E and 8088 microprocessors allows use of existing software in
new designs.
Functional Diagram -
A OCUTS0N Lk T BLUE i WTERF AOE LiET MEMORTTNTERFALE

CAUTION: Electronic devices are sensitive to electrostatic dischargs. Proper 1.G.
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Pin Description
The following pin function descriptions are for 80C88 systems descriptions is the direct multiplexed bus interdace connection o
In either minimum or maximum mode. The “local bus” in these ta the BOCES (without regard to additional bus butfers),
PIN

SYMBOL | NUMBER | TYPE HAME AMD FUNCTICN
ADT-ADD 9-16 140 Address Data Bus: These fines constitule the lime multiplexed memoty/I\0 address {T1) and data (T2, T3, Tw,

and T4) bus, These lines are active HIGH and arg held al high impedance 1o Ihe last vaiid iogic level ounng

interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”,

Al15-AB 2-8, 35 & Address Bus: These lines provide address bits 8 through 15 for 1ne entire bus cycle {T1-T4). These lines da
nathave to be latehed by ALE fo remain valid. A15-A8 are aclive HIGH and are held at high impedance to the
tast valid logic leved during inferrupt acknowledge and local bus “hold acknowledge” or “grant sequence”

A1VES, as Q Address/Status: During T1, these are the four most

ATRSS, 36 o signilicant address lines for memory operations. During

AT, a7 o VO operations, these flines are LOW. During memary

ALBS3 38 o and |10 operations. status inlormation is available on S4 53 | CHARACTERISTICS
these limes during T2, T3, Tw, and T4, 56 is always low, CILOW) 0 | Alternale Dala
Thie status of the interrupt enable llag bit (S5) is updated 1} 1 Sack
at the beginning of each clock cycle, 54 and 53 are 1 (HIGH) 0 | Code or Nono
encoded as shawn, 1 1 Data
This information indicates which segment register is  Lo0 1= 0 (LOW)
presently being used for data accessing.

These lines are held at high impedance 1o the last valid
logic level during local bus "hald acknowledge™ or
“grant sequence”.

RD 3z o Head: Read sirobe indicales that the processor is perferming 2 memary or VO read cycle, depending on ihe
state of the I0/M pin or 52, This signal is used o read devices which reside on the BOCES focal bus. B0 is
active LOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 80C88
local bus has floated. .
This line is held internally fo a high impedance logic one state during “hold acknowledge™ or “grant
Sequence”,

READY 22 I READY: is the acknowledgment from the addressed memaory or 110 device that it will complete fhe data
transter. The BDY signal rom memaory or 10 is synchronized by the B2CR4A clock genarator 1o form READY,
This signalis active HIGH. The B0C8E READY input is not synchronized, Correcl operation s nol quaranteed
il the set up and hald times are not met,

INTR 18 1 Interrupt Request: is a level liggered input which is sampled during the last clack cycle o! each instruction 1o
determine il ihe processor should enter into an interrupl acknowledge operation. A subroutine is veciared 1o
iz an intermupl vector lookup table located in system memory. It can be intemnally masked by soltwara
resetting the interrupt enable bit. INTR is-internally synchronized. This signal is active HIGH.

TEST 23 I TEST. input is examined by the “wait for test” instruction. If the TEST inpul is LOW, execution cantinues,
otherwise the processor wails in an “idle” state. This input is synchronized infernally dunng each clock cycle
on the leading edge ol CLK.

MM 17 I NOMN-MASKABLE INTERRUPT: is an edge triggered input which causes a lype 2 interrupt. A subrouting is
wectared b0 via an interrupt veetor lookup table localed in syster memory. NMIis not maskable internaliy by
saftware. A transition from a LOW to HIGH initiales the interrupt al the end ol the current instruction, This
input is internally synchronized.

RESET 21 I BESET causes the processor ioimmedialely terminate its pre sent acivity. The signal must iransition LOW o
HIGH ‘and remain active HIGH lfor at least lour elock cycles. It restarts execulion, as descrbed in the
instrection set description, when RESET retumns LOW. RESET is internally synchromzed,

CLK 18 I Clock: provides the basic iming lof the processor and bus controller. Itis asymmietne with a 33% duty cycte o
prawide optimized ntemal tming.

Voo 40 Weer i5 the #5854 = 10% power supgly pin:

GND 1, 20 GMD: are the ground pins (Bath pins must be connecled to system ground], .

BN e | I Minimum/Maximum: indicates the mode in which the processar is o operate, The two modes are discussed
in the lollowing sections.
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Pin Description (continued)

The following pin descriptions are for the BOC8E system in which are um i ibed;
_ tior que to maximum mode are described; all other
maximum mode (i.e., MN/MX = GND). Only the pin functions pin funclions are as described above.

PIN
SYMBEOL | NUMBER | TYPE HAME AND FUNCTION
8.5 26-28 o Status: is active during clock high of T4, T1, and T2, and = ==
50 i5 returned fo the passwe state {1,1,1) during T3 o 52 51 | 50| CHARACTERISTICS
during Tw when READY is HIGH, This status is used by |

thie 82088 bus controller to generate all memary and 0 O{LoW) | o 0 | Interrup! Atkmwi-edge

access conlrol signals. Any change by 52, 51, er 50 | 0 0 1 | Rezad b0 port

during T4 is used lo indicate the beginning of a bus | 0 1 0 | Wrle D port

cycle, and the return to the passwe state in T3 or Twis 1] 1 1 | Hatt

used 1o indicate the end ol @ bus cycle. 1(HIGH)| 0 o' | Citaapcess

These sgnals are held internally 1o-a high impedance 1 g 1 | Read MEMy

logic one state during “grant sequence”. 1 1 0 | Wnile memaory

1 1 1 | Passive
RG/GTO 30, 31 fle] Aequest/Grant: pins are used by olher local bus masters lo force the processar o release the local bus at the
RAQVGT1 end of ihe precessor's current bus cycle. Each pin is bidirectional with RQIGTO having higher pricrity than

AQGTT, GT has intermal bus-hald high circuitry and, it unused, may be left unconnected. The

requestigrant sequence i1s as lollows (see Figure 5):

1. Apulse af one CLK wide from another local bus master indicales a local bus request {“hald ™) to the BDGEB
(pulse 1),

2. Duringa T4 ar T1 clock cycle, a pulse one clock wide from the BOCEE fo 1he requesting master (pulse 29,
indicates that the B0OCHS has allowed the local bus 1o float and that it will enter the "grant sequence” stata
at the next CLK. The CPU's bus interace unil is disconnecied logically from the local bus during “grant
sequence”, The same rules as for HOLD/HOLDA apply as lor when the bus is released,

3. Apulse one CLK wide lrom the requesting master indicates 1o the BOCES (pulse 3) that he “hold” request
15 about to end and that the BOCEE can reclaim the local bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus 1s a sequence of three pulses. There must be oneidie CLK

cycle after each bus exchange. Pulses are active LOW.

It the request is made while the CPU is perdorming a memaory cycle, it will release the focal bus dunng T4 of

the cycla whnen all the following condiions are met:

1. Hequest occurs on or belore T2,

2, Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an mnterrupt acknowledge sequence.

4, A locked instruction is not currenily executing.

If the local bus is idie when Lthe request is made (he two possible events will foklow:

1. Local bus will be redeased during the next clock.

2. A memory cyclewill start within 3 clocks, Mow the lour rules lor 3 currently active memary cycle apply with
condiion number 1 alfeady satisfied.

LOCH 2a o LOCHK: indicates thal other system bus maslers are nol 1o gain controd of the system bus while LOCK is active
{LOW), The LOCK signal is actvated by the “LOCK™ prefix instruction and remams agtive unfil the
completion of the next instruction. This signal is active LOW, and is held high infernaily during “grant
sequence’.

051, 24, 25 o Quewe Status: provide status 1o allow external tracking | gy 050 | CHARACTERISTICS

050 ol the intermal BOCEE instruchon gueue.
0 [LOW) 0 Naopeszlion
The queue status s valid during the CLK cycle after [i] i First byta al pocode Irom quewe
which the queue operaton 15 performed. MNote that the 1(HGH) a Ematy the queue
1 high 12l
queue stalus never goes 10 a high impedance slale 1 1 e kom
{{tcated). Soiye e
-— 34 Q Pin 34 i5 always a logic one in the maximum mode and is internally held at a high impedance kogic one during
a "grant sequence,
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Pin Description

The following pin function descriplions are for the BOCES  which are unigque to the minimum mode are described: all
minimum mode (i.e.. MNMX = Ve, Only the pin functions  other pin functions are as descrbed above.

SYMBOL

PIN
NUMBER

TYPE

HAME AND FUNCTION

1

28

Slatus Line: is-an inverted maximum mode 52, Itis used to gistinguish a memory access from an I;Cl ACCESE.
I2/M becomes valid in the T4 preceding a bus eycle and rémains valid unti the final T4 of the cycle (10 =
HIGH, M = LOW). I0/M is held high impedance logic zero intermally durnng local bus “hold acknowledge”.

Wrile: strobe indicates that the processor is pertorming a write memary or write 10 cyclo, depending on the
state of the IO/M signal. WR s active lor T2, 72, and Tw ol any write cycle. Itis active LOW, andis held to high
impedance kgic ane intermally during local bus “hold acknowledga™,

24

INTA: 15 used as a read strobe for intermupt acknowledge cycles. It is active LOW during T2, T3, and Tw al
each inferrupt acknowledge cycle. Note that INTA is never floated. . "

23

Address Latch Enable: is provided by the processar i latch the addrass into the 82CE2/82CH3 address
lateh. It is a HIGH pulse active dunng clock low of T1 of any bus cycle. Note that ALE is never floated.

DT/R

27

Data TransmitAeceive; is neaded in a mirirmum system thal desires 1o use an B2CBE/B2CAT dala bus
Iranscaiver. Itis used to contral the direction of daia flow through the transceiver. Logically, OT/R is equivalent
10 51 in the maximum made, and is Hming is the same as for 10 (T = HIGH. R = LOW). This signal is held
lo & high impedance logic one intemally dunng local bus “hoid acknowledge”.

|

=]
m
=

26

Data Enable: is provided as an output enable for the 82CBE/82CE7 in a minimum system which uses the
transceiver. DEN is active LOW duning each memary and /0 access, and lor INTA cycles. For a read of INTA
cycle, it is active from he middle of T2 until the middie of T4, while for a wrile cycle, it is active from the
beginning o T2 until the middle of T4, DEN is held to high impedance logic one internally during local bus
"hold acknowledge™,

HOLD,
HLOA

a0
n

HOLD: indicates that another masier is requesting a local bus “hold™. To be acknowledged, HOLD rmust be
active HIGH. The processor receiving the “hold” request! will issue HLDA (HIGH) as an acknowledgmany, in
ihe middle ol a T4 or T1 clock eyele. Simulaneous with the issuance of HLDA the processorwill flaal the iocal
bus and control lines. After HOLD is detected as being LOW, the processor lowers HLDA. and when the
processor needs 1o run another cycle, it will again drive the local bus and contra finas.

Hoid is not an asynchronous inpul. External synchronization should be provided if the S¥SlEm cannol
otherwise guarantee the set up ime,

Status line: is lagically equivalent 1o 50 in the maximum — —
mode. The combination of S50, IO/, and DT/R allows | IOM | DTR
the system to completedy decode the current bus cycle 1 {HIGH)
status. 550 is heid 1a high impedance logic one during 1

local bus “hold acknowledge”,

CHARACTERISTICS

Interrupt Acknowledge
Read L0 port

Write 1O port

Halt

Code access

Read memary

Wrile memory
Paszive

1
1

0 (LOW)
0

0
0

e

FE = L — T e ur .Y

O

o

®
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o Functional Description

Static Operation

All BOCBB circuitry is stalic in design. Internal registers,
ocounters and latches dre static and reguire no refresh as with
dynamic circuit design. This eliminates the minimum oper-
ating frequency restriction placed on other microprocessors.
The CMOS B80CS8B can operate from DC 1o 1he approgriate
upper frequency fimit ol 5 MHz. The processor clock may be
stopped in either stale (high/low) and held there indefinitely.
This type of operation is especially uselul for system dabug
or power critical applications.

The BOCBB can be single slepped using only the CPU clock.
This state can be maintained as long as is necessary. Single
step clock operation allows simple intarface circuilry to pro-
vide critical information for start-up.

Static design also allows very low frequency operation (as low
as DC). In a power critical situation, this can provide extremely
low power operation since B0CAS power dissipation is directly
relaled [0 operating frequency. As the system freguency is
reduced, so is the operating power until, at a DC input fre-
guency, the power requirement is the B0CE2 standby current.

Internal Architecture

The internal functions of the BOCER processor-are parlitioned
logically into two processing units. The first is the Bus Inter-
face Unit (BIU) and the second is the Execution L.Iml [EU) as
shown in the CPU block diagram,

These units can interact directly but for the most part perform
as separate asynchronous operational processors. The bus
interface unit provides the functions related 1o instruction
fetching and queuing, operand fetch and store, and address
relocation. This unit also provides the basic bus control. The
overlap of instruction pre-fetching provided by this unit serves
to increase processor perormance through improved bus
bandwidth utifization. Up 10 4 bytes of the instruction siream
can be queued while waiting for decoding and execution.

The instruction stream queuing mechanism allows the BlU 1o
keep the memary utilized very efficiently. Whenever there is
space for al least 1 byte in the queue, the BIU will attempl a
byte letch memory cycle. This greally reduces “dead lime” on
the memory bus. The queue acts as a First-In-First-0ut (FIFO)
bufler, from which the EU extracts instruction byles as re-
guired. If the queue is empty (following a branch instruction,
for example). the first byle into the queue |mmed|atel',r be-
comes available 1o the ELU.

The execution unitTeceives pre-fetched instructions from the
BIU queue and provides un-relocaled operand addresses 1o
the BiU. Memory operands are passed through the Bl for
processing by the EU, which passes resulls (o the BIU for
storage.

_r_——--—-_-l_ FFFEFH
]
6d KB CODE SEGMENT
l e 44 xxxxon
i STACK SEGMENT
« GFESET
SEGMENT
REGISTER FILE
= wum{ ] OATA SEGMENT
= EYTE
= WED
ES - =l =
} EXTAA DATA SEGMENT
'l'—_f' DOOD0H

Figure 1. Memery Organization

Memory Organization

The processor provides a 20-bit address 1o memary which
locates the byle being reterenced. The memory is organized
as a linear array of up 1o 1 million byles, addressed as
00000(H) to FFFFF(H). The memary is logically divided into
code, dala, extra, and stack segments of up 1o 64K byles
each, with each segment falling on 16-byle boundaries. (See
FIGURE 1).

All memary references are made relalive to base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of pro-
grams. The segment regisier (o be selecled is automatically
chosen according to the rules of the following table. All infor-
mation in one segmeant type share the same logical atinbutes
(e.g.. code or data). By structuring memory into.relgcatable
areas of similar characterstics and by automatically seiecting
segment registers, programs are shorter, faster, and more
structured.

Word (16-bit) operands can be located on even or odd ad-
dress boundaries. For address and dala operands, the least
significant byte of the word is stored in the lower valued
address location and the most significant byte in the next
higher address location.
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Table 2.

FFFFFH
RESET BOOTSTRAR
PROGRAM JUMP
FFFFOH
[ ]
= - -’
E-]
: 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FOH
- o
L ]
INTERRUPT POINTER TH
FOR TYPE 1 aH
INTERRUPT PCINTER 3H
FOR TYPE 0
oH

Figure 2. Reserved Memory Locations

The BIU will aulomalically execule twa letch or wrile cycles for
16-bit operands.

Cerlain locations in memory are reserved for specific CPU
operalions. (See FIGURE 2), Locations lrom addresses
FFFFOH through FFFFFH are reserved for operations in-
cluding a jump to the inilial system initialization routine. Fal-
lowing RESET, the CPU will always begin execuficn at
location FFFFOH where the jump must be located. Locations

QO0COH through DO3FFH are reserved forinterrupt operations.
Four-byle pointers consisting of a 16-bit segment address and
a 16-bit oflsel address direct program flow to one of the 256
possible interrupt service routines. The pointer elements are
assumed fo have been slored al their respective places in
reserved memory prior 1o the occurrence of interrupts,

Minimum and Maximum Modes

The requirements for supporting minimum and maximum
B0CBEE systems are sufficiently different that they cannot be
done efficiently with 40 uniquely defined pins. Consequently,
the BOCHS is equipped with a strap pin (MN/MX) which defines
ihe system configuration. The definifion of a certain subset of
the pins changes, dependent on the condition of the strap pin.
When the MN/MX pin is strapped 1o GND, the BOCES delines
pins_24 through 31 and 34 in maximum mode. When the
MN/MX pin is strapped to VCC, the BOCBS generates bus
contral signals itself on pins 24 through 31 and 34,

The minimum mode B0CER can be used with either a multi-
plexed or demultiplexed bus. This architecture provides the
BOCEB processing power in & highly integrated form,

The demultiplexed mode requires ane lalch {for 64K address-
ability) or two latches (lor a full megabyte of addressing). A
third lalch can be used for buffering ii the address bus loading
requiresil. An B2C86 or B2CB7 ransceiver can also be used if
data bus buflering is required. (See FIGURE 3.) The 80CAa8
provides DEM and DT/R to control the transceiver, and ALE to
latch the addresses. This configuration of the minimum mode
provides the standard demultiplexed bus struclure with heavy
bus bulfering and relaxed bus timing requirements.

The maximum mode employs the 82088 bus controller (See
FIGURE 4). The B2CBE decodes status lines S0, 51, and 52,
and provides the syrtem with all bus control signals. Moving
the bus control to the 82C88 provides better source and sink
current capability 1o the control lines, and frees the BOCES pins
for extended large system fealures. Hardware lock, queue
siatus, and two requestigrant interlaces are provided by the
BOCES8 in maximum mode. These features allow co-
processors in local bus and remote bus configurations.

i
3
:
i
3
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Bus Operation

The 80CEE address/data bus is broken infa three paris — the
lawer eight address/data bils {ADO-ADT), the middie eight
address bils (A8-A15). and the upper lour address bits
(A16-A13). The address/data bils and the highest four ad-
dress bits are time multiplexed. This technique provides the
mast efficient use of pins on the processor, permitting the use
of a standard 40 lead package. The middle eight address bits
are not mulliplexed, i.e. they remain valid throughout each bus
cycle. In addition, the bus can be demultiplexed at the proc-
essor with a single address latch if a standard, non-
multiplexed bus is desired for the system.

Each processor bus cycle consists of ai least four CLK cycles.
These are referred to as T1, T2, T3, and T4, (See FIGUBE a).
The address is emitted from the procassor during T1 and data
Iranster occurs on the bus during T3 and T4, T2 is used
primarily for changing the direction of the bus during read
operations. In the event that a “NOT READY" indication |
given by the addressed device, “wait” states (Tw) are inserted
between T3 and T4. Each inserted "wail” state is of the same
duration as-a CLK cycle. Periods can occur between a0ceas
driven bus cycles. These are referred to as “idle” statas (Ti). or
inactive CLK cycles. The processor uses these cycles for
internal housekeeping.
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Figure 5. Basic System Timing
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During T1 of ‘any bus cycle, the ALE (address laich en-
able} signal is emilted (by eiher the processor or the
B2CBB bus controlier, depending on the MN/MX strap). At
the trailing edge of this pulse, a vald address and cerfain
status information for the cycle may be lalched.

Status bits 50, 51, and 52 are used by the bus controller, in
maximum mode. 1o identify the type of bus transaction
according to the following tabls:

=
(LOW)

|
L

Interrupt Acknawledge
Read 10

Wirite 'O

Hatt

Instruchon Fetch

Read Data fram Memory
Write Data to Memaory

5 CHARACTERISTICS
o
1

(HIGH)

— s OO0
PP = N o R ]
e = A = R = |

Passive (no bus cycle)

Table 3.

Status bits S5 through Sg are multiplexed with high order
address bits and are therefore valid during T2 through T4, 5,
and 3, indicate which segment register was used for this bus
cycle in forming the address according 1o the following table;

s, 5, | CHARACTERISTICS
0 {LOW) 1] Alternate Data (extra segment)
0 1 Stack
1 (HIGH} 1] Code ar Mone
1 1 Data
Table 4,

3 is a rellection of the PSW interrupt enable bit. 5 is always
equal to 0.

AUTPUT = - noNo | EXTEAMAL
FAD #iN

INFUT
PROTECTION
CIRCLATAY

Figure 6A. Bus hold circuitry pin 2-16, 35-39.
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'O Addressing

In the 80C8B, /0 cperations can address up 1o a maximum af
64K IO registers. The |/D address appears in the same lormat
a5 the memory address on bus lines A15-A0, The address
lines A19-A16 are zerg in D operations. The variable V0
instructions, which use register DX as a pointer, have full
address capability. while the direcl 110 instructions directly
address one or two of the 256 /0 byte locations in page 0 of
the !0 address space. O ports are addressed in the same
manner as memary localions,

Designers familiar with the BOB5 or upgrading an 8085 design
should note that the 8085 address /0 with an 8-bit address on
both halves of the 16-bit address bus. The 80CAE8 uses a full
16-bit address on ils lower 16 address lines.

External Interface
Processor Reset and Initialization

Processor inilialization or start up is accamplished with activa-
tion (HIGH) of the RESET pin, The B0C88 RESET is required
tobe HIGH far greater than four clock cycles, The 80C88 will
terminate operations on the high-going edge of AESET and
will remain dormant as long as RESET is HIGH. The low-gaing
transilion of RESET Iriggers an internal reset sequence for
approximately 7 clock cycles. After this interval the B80CEE8
operates normally, beginning with the instruction in absolute
location FFFFOH (see FIGURE 2). The RESET inputisintern-
ally synchronized to the processor clock. Al inltialization, the
HIGH 1o LOW transition of RESET must occur no sooner than
50 s afler power up, fo allow complele inlialization of the
80C88.

IFINTR is asserled sooner than nine glock cycles atter the end
of RESET, the processor may execute ane instruclion before
responding 1o the imerrupl.

Bus Hold Circuitry

To avoid high current conditions caused by lloating inputs to
CMOS devices and 1o eliminate the need for pull-up/down
resistors, "bus-hold” circuitry has been used on B0CES pins
2-16, 26-32 and 34-39 (see FIGURE BA, 6B). These circuils
maintain a valid logic stale if no driving source is present {i.e.,

OuTPUE
ORIYER

- BOND | EXTERKAL
FAD PN

THPUT
FROTECTHIN
CHCITRY

Figure 68. Bus hold circuitry pin 26-32, 34,
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an unconnected pin or a driving source which goes 1o a high
impedance state).

To overdrive the “bus hold” circuits, an external driver must be
capable of supplying 400pA minimum sink or saurce current
al valid input voltage levels. Since this “bus hold” circuitry is
active and not a “resistive” type element, the associated
powar supply current is negligible, Power dissipation is 5ig-
nificanlly reduced when comparad to the use af passwve
pull-up resistors.

Interrupt Operations

Interrupt aperations fallinto two classes: software or hardware
initiated. The software initialed interrupts and software as-
pects of hardware interrupts are specified in the instruction set
description. Hardware inlerrupis can be classified as non-
maskable or maskahle.

Interrupts result in a transfer of control 1o a new program
location. A 258 element tahle containing address pointers 1o
the inlerrupt service program localions resides in absolute
locations O through 3FFH (see FIGURE 2), which are re-
served for this purpose. Each element in the table is 4 bytesin
size and corresponds lo an interrupt “type.” An interrupting
device supplies an B-bil type number, during the interrupt
acknowledge sequence, which is used to vector through the
appropriate element to the new interrupt service program
location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interru pt
(NMI) pin which has higher pricrity than the maskable interru pt
request (INTR) pin. A typical use would be 1o activate a power
failure routine. The NM! is edge-triggered on a LOW 1o HIGH
transition. The activation of this pin causes a type 2 infarrupt.

NMIis required to have a duration in the HIGH state of greater
than two clock cycles, bul is not required to be synchronized to
the clock. Any high going transition of MMI is latched an-chip
and will be serviced at the end of the current instruction ar
between whole moves (2 bytes in the case of word moves)ola
block type instruction. Worst case response to NMI| would be
for multiply, divide, and variable shift instructions. There is no
specification on the occurrence of the low-going edge; it may

occur belore, during, or alter the servicing of NMI, Anolher
high-gaoing edge triggers another response ifiloccurs after the
start ol the MMI procedure,

The signal must be free of logical spikes in general and be free
of bounces on the low-going edge o avoid triggering extra-
NE0Us rEsponses.

Maskable Interrupt (INTR)

The BOCSS provides a single interrupt request input (INTR)
which can be masked internally by software with the resetling
of the interrupt enable (IF) flag bil. The iflerrupt request signal
is level tnggered. It is internally synchronized during each
clock cycle on Ihe high-going edge of CLK.

To be responded to, INTA must be present (HIGH) during the
clock period preceding the end of the current instruction or the
end of a whole move for a block type instruction, INTR may be
removed anytime after the falling edge of the first INTA signal.
During interrupt response sequence, further inlerrupls are
disabled. The enable bitis reset as part of the response lo any
imerrupt (INTR. NMI, software interrupt, or single step). The
FLAGS register, which is automatically pushed onto the stack,
reflects the state of the processor prier 1o the interrupt, The
enable bit will be zero until the old FLAGS registeris restored,
unless specifically set by an instruction.

During the response sequence (see FIGURE 7). the proc-
BSSOr execules two successive (back to back) interrupt ac-
knowledge cycles. The B0CAE8 emils the LOCK signal
(maximum mode only) from T2 of the first bus cycle until T2 of
the secand. A local bus "hold” request will not be honored until
the end of the second bus cycle. In the second bus cycle, a
byte Is felched from the external interrupt system (e.q.,
82C59A PIC) which identifies the source (type) of the inter-
rupt. This byte is multiplied by four and used as a pointer into
the interrupt veclor lookup table,

An INTR signal left HIGH will he continually responded 1o
within the limitations of the enable bit and sample period. INTR
may be removed anytime after the lalling edge of the first
INTA signal. The interrupt return instruction includes a llags
POp which returns the status of the original interrupt enable bit
when it reslores the flags.

—_—

Figure 7. Interrupt Acknowledge Sequence
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Halt

When a software HALT instruction is ex ecuted, the processar
indicates that it is entering the HALT state in one of two ways,
depending upon which mode is strappad. In minimum maode,
the processor issues ALE, delayed by one clock cycle, 10 allow
the system to laich the halt status. Halt status is available on
IO/M, DT/R, and SS0. In maximum mode, the processor
issues appropriate HALT status on S2, 51, and 50, and the
B2C88 bus controller issues one ALE. The BOCES will not
leave the HALT state when a local bus hald is entered whilain
HALT. In this case, the processor reissues the HALT indicator
atihe end of the local bus hold. Aninterrupt request or RESET
will torce the BOCES out of the HALT state.

Read/Modify/Write (Semaphore) Operations Via LOCK

The LOCK status information is provided by the processor
when consecutive bus cycles are required during the ex-
ecution of an instruction. This allows tha processor to perdorm
read/modity/write operations on memory (via the “exchange
reqister with memory” instruction), without another syslem
bus master receiving infervening memory cycles. This is
uselul in mulliprocessor system configurations ta accomphsh
“test and sel lock” operations. The L%CK signal is activated
(LOW) in the clock cycle following decoding of the LOCK
prefix instruction. It is deactivated at the end of the last bus
cycle of the instruction following the LOCK prefix. While LOCK
is aclive, a request on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

External Synchronization Via TEST

As an slternalive lo interrupls, the 80GBB provides a single
software-testable input pin (TEST). This input is utilized by
executing a WAIT instruction. The single WAIT instruction is
repealedly execuled until the TEST input goes active (LOW).
The execution of WAIT does not consume bus cycles once the
queue is full.

It a local bus request occurs during WAIT execution, the
B0CHE 3-states all cutput drivers while inputs and /O pins are
held at valid logic levels by internal bus-hald circuits. If inter-
rupls are enabled, the 80CBE will recognize interrupls and
process them. The WAIT instruction is then refetched, and
reexeculed.

Basic System Timing

In minimum made, the MN/MX pin is strapped 1o Ve and the
processor emits bus control signals (RD, WH, 10/M, elc.)
directly. In maximum mode, the MN/MX pin is sirapped o
GMND and the processeor emits coded status inlarmation which
the 82C8E bus controlier uses 1o generate MULTIBUS ™ com-
patible bus control signals.

System Timing — Minimum System

The read cycle begins in T1 with the assertion of the address
latch enable (ALE) signal {See FIGURE 5), The trailing (low
geing) edge of this signal is used to latch the address infor-
mation, which is valid on the address:data bus (ADD-AD7) at
this time, into the B2CHE2/B2CE3 lalch. Address lines AB
through A15 do not need 1o be latched because they remain
valid throughout the bus cycle. From T1 to T4 the 10.M signai
indicates a memory or 'O operation. Al T2 the address is
removed from the address/data bus and the bus is held at the
last valid logic state by internal bus-hold devices_The read
contral signal |s also asserted at T2, The read (AD) signal
Causes the addressed device lo enable ils data bus drivers to

MULTRBLUSE ™ o & trademant of ntol Gom
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the local bus. Some time later, valid data will be available on
the bus and the addressed device will drive the READY lire
HIGH. When the processor returns the read signal to a HIGH
lzvel, the addressed device will again 3-state its bus drivers. If
a lranscewer (B2CBE/B2CET) is required ta buffer the lncal
bus. signals DT/R and DEN are provided by the B0CES.

A write cycle also begins with Ine asserlion of ALE and the
emission of the address. The 1O signal is again asseried to
indicate a memory or 'O write operation. In T2, immediately
following the address emission, the processer emits the data
to be wniten into the addressed location. This data remains
valid until at least the middle of T4, During T2, T3, and Tw, the
processor asserts the write control signal. The write (WH)
signal becomes active at the beginning of T2, as opposed to
the read, which is gelayed somewhat inta T2 1o provide time
for output drivers o become inactive,

The basic diflierence batween the interrupt acknowledge cycla
and a read cycle is thal the interrupt acknowledge (INTA)
signal is asserted in place of the read (RD) signal and the
address bus is held at the last valid logic state by internal
bus-hold devices (see FIGURE B). In the second of two
successive INTA cycles, a byle of information is read from the
dala bus, as supplied by the interrupt system legic (i.e.,
B2C58A priority interrupt controller), This byte identifies the
source (type) of the interrupt. Itis multiplied by four and used
as a pointer inlo the interrupt veclorlookup table, as deseribed
earlier.

Bus Timing — Medium Complexity Systems

For medium complexity systems, the MN/AMX pinis connected
to GMND and the 82C88 bus controller is added to the syslem,
as well as an 82C82/82C83 latch for lalching the system
address, and an B2CB6/82CET transceiver to allow lor bus
loading greater than the 80CE8 is capable of handling (see
FIGURE B). Signals ALE, DEN, and DT/A are genaraled by
the B2CEE instead of the processor in this configuration,
althaugh their timing remains relatively the same. The 80CEE
stalus outputs (S2, 51, and 50) provide type of cycle infor-
mation and become B2C88 inputs. This bus cycle informatian
specilies read (code, data, or FO), write (data or 1/0), interrupt
acknowledge, or software halt, The 82088 thus issues contral
signals specilying memory read or write; 1'0 read or write, or
interrupt acknowledge. The B2CB8 provides two types of wiite
strobes. normal and advanced, to be appled as required. The
narmal wrile strobes have data valid at the leading edge of
write, The advanced write strobes have the same timing as
read strobes, and hence, data is not valid at the leading edge
of write. The 82C86/82C87 transceiver receives Ihe usual T
and OE inpuls lrom the 82C88 DT/R and DEN outputs,

The painter into the interrupt vector table, which is passed
during the second INTA cycle, can derive from an B2C594
lacaled on either the local bus or the system bus. If the master
B2C58A priority interrupt controller is positioned on the local
bus. the 82C86/B2C87 transcever musl be disabled when
reading Irom the master 820594 during the interrupt ac-
knowledge sequence and software “poll”.

The B0CB8 Compared To The BOCS8E

The B0CA8 CPU is an B-bit processor designed arpund lhe
BOAE internal structure. Most internal funclions of the BOCER
are identical 1o the equivalent B0CES functions, The BOCAR
handles the external bus the same way the 80CEG does with
the distinction of handiing only 8 bits at a time. Sixteen-bit
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operands are felched or wrillen in two consecutive bus cycles,
Both processors will appear identical to the software anginaer,
with the exception of execution time. The internal register
structure is identical and all instructions have the same end
result. Internally, there are three differences between the
BOC88 and the 80CAE. All changes are related to the B-bit bus
interface.

® The queus length is 4 byles in the BOCES, whereas the
80C8E queue contains 6 bytes, or three words, The queue
was shorlened 1o prevent overuse of the bus by the BIU
when prefelching instructions. This was required because
of the additional time necessary 1o fetch instructions B bits
al a ime.

® To further oplimize the queue, the prefelching algorithm
was changed. The B0CE8 BIU will fefch a new instruction to
load into the queue each time there is a 1 byle space
available in the queue. The BOCEG waits until 3 2-bryte
space is available.

® The internal execution tima of the instruction set is alleciad
by the B-bit interface. All 16-bit fetches and writes fromito
memory take an additional four clock cycles. The CPU is
also limited by the speed of instruction fetches. This latter
problem only occurs when a series of simple aperalions
occur. When the more sophisticated instructions of the
80CH8 are being used, the queus has time 1o fill and the
execution proceeds as fast as the execution unit will allow.

The BOCBE and BOCES are completaly software compatible by
virtue of their identical execution units. Software thatis system
dependent may not be completely fransferable, but sottware
thatis not system dependent will operate equally as wellon an
80CB8 or an BOCHG.

The hardware interface of the BOCEA comtains the major
differences between the two CPUs. The pin assignments are

nearly identical, however, with

the follewing functional

changes:

® AB-A15 — These pins are only address outpuls on the

BOCBB. These address lines are lalched internally and
remain valid throughout a bus cyele in a manner similar (o
he 8085 uppar address lines.

BHE has no meaning on the 80CB8 and has been
eliminated.

S50 provides the S0 status infarmation in the minimiuem
made. This output occurs on pin 34 in minimum made only.
OT/H, 10/M, and S50 provide the complele bus status in
minimum mode,

I0/M has been inverted to be compatibile with the BOBS bus
struclure.

ALE is delayed by one clock cycle in the minimum mode
when enlering HALT, to allow the status to be latched with
ALE,

( o R 'L/_‘L Tf_—"k TI;"" i e
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Figure 8. Medium Complexity System Timing
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Specifications
ABSOLUTE MAXIMUM RATINGS
Supply Voltage +8.0 Vaolis Operating Temperature Range
Operating Voltage Range +4V o +7V Commercial 0"Clo +70°C
Input Vioitage Applied GND —2.0V to 6.5V Industrial -40°C 1o +85°C
Cutput or VO Vollage Applied GND — 0.5V to VCC + 0.5V Military —55°C 1o +125°C
Storage Temperature Range -65°C to +150°C Maximum Package Power Dissipation 1 Wait
CAUTION: Stresses above those listed in the "ABSOLUTE MAXIMUM RATINGS™ may cause permanent damage lo the
device. This is a stress only rating and operation of the device al these or any other conditions above those indicated in the
operational sections of this specification is not implied,

D.C. ELECTRICAL CHARACTERISTICS
VCC = 5.0V =10%; Ta = 0°C lo +70°C (CB0CEB); Ta = —40°C to +85°C (IB0CBB); Ta = —55°C 1o + 125°C (MBOCEE)

SYMBOL PARAMETER MIM MAax UNITS TEST COMDITIONS
ViIH Logical One 2.0 W CBOCHS, |1B0CeR
Input Voltage 2.2 W MBOCHS
ViIL Legical Zero 0a v
Input Voltage
VIHC CLK Logical One VCC -8V L)
Input Vollage
VILC CLK Logical Zero 0.8 i
Input Voltage
VOH Cutput High Vollage 3.0 v IOH = —2.5mA
VCC =04 L) IOH = —100pA
VoL Cutput Low Voltage 0.4 W IOL = +2.5mi
lL Input Leakage =1.0 1.0 [T OV =VIN=VCC
Current
18HH Input Current — - 40 - 400 wh ViN = 3.0V
Bus Hold High [see Mote 1)
IBHL Input Current — 40 400 A WIN = 0.8V
Bus Hald Low {see Note 2)
8] Cutput Leakage =10.0 10.0 i Ov=V0=YCC
Curran
Iccse Standby Fower Supply 500 BA VCC = 5.5V
Currant See Note 3.
ICCOP Operating Power 10 miA/MHzZ Vee = 55V
Supply Current

CAPACITANCE
Ta = 25°C; VCC = GND = OV: VIN = +5V or GND

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS

CiN® Input Capacitance 5 pf FREQ = 1MHz
Unmeasured pins
returned 1o GHND

GOouT” Cutput Capacitance 15 pl
cro- 'O Capacitance 20 ol

* Guaranteed and sampled, but nat 100% tested

Mate 1! IBHH should be measured after raising VIN fo VTG and then lowering to 3.0V en ihe following pnst 2-16, 26-32, 34-33.
Mote 2 IBHL should be measured after lowsnng VIN to GND and then raising 1o 0.8V on the loliowing pins: 2-16, 35-39,
Mole 3: ICCSB 1ested durning clock hagh time after HALT instruction execution, WIN = WCC or GND VCC = 5.5V Outputs unloaded
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Specifications (continued)

A.C. ELECTRICAL CHARACTERISTICS

VCC = 5V=10%; (CBOGCBS: Ta = 0°C lo +70°C)
(I80C88: Ty = —40°C to +85°C)
(MBOCEB: T, = —55°C to +125°C)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

| BOCAs-4 gocaa
SYMBOL PARAMETER MIN | MAX | MIN | MAX UNITS TEST CONDITIONS
TCLCL CLK Cycle Perind 250 200 ns
TCLCH CLE Low Time 1581 118 ns
TCHCL CLK High Time 8BS &9 ns
TCH1CHZ2 CLK Rise Time 10 10 ns Fram 1.0V to 3.5V
TCL2CL CLE Fall Time 10 10 ns From 3.5V to 1.0V
TOVCL Cata in Setup Time 30 30 ns
TCLDX Data in Hold Time 10 10 ns
TRIVCL ADY Selup Tima info 35 a5 ns
B2CB4A (See Motes 1, 3)
TCLR1X ROY Hold Time inta 0 4] ns
B2CB4A (Saa Notes 1, 2)
TAYHCH READY Soiup Time 118 118 ns
into BOCHS
TCHRYX READY Hold Timea 30 hei] ns
into BOC38
TRYLCL READY Inactive to =8 -8 s
CLK (See Mole 3)
THVCH HOLD Setup Time as as ns
TINVCH INTR, NMI, TEST ] 30 ns
Setup Time (Saa
Maote 2)
TILIH Input Rise Time 15 15 ns From 0.6V 10 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V o 0.8V
{Except CLK)

i 14 . ! |
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@ A.C. ELECTRICAL CHARACTERISTICS (Continued)
MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES

80CE8-4 | B0CES
SYMBOL FARAMETER MiN MAX MIN MAX UNITS TEST CONDITIONS
TCLAY Address Valid Dalay 10 110 1m0 10 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Floal Delay TOLAX a0 TCLAX L:14] ns
TCHSZ Status Float Defay BD &0 ns
TLHLL ALE Width TCLCH-20 TCLCH-20 ns
TCLLH ALE Active Delay B a0 ns
TCHLL ALE Inactive Defay 85 85 ns
TLLAX Address Hold Time TCHCL-10 TCHCL-10 ns
lo ALE Inactive
TCLDV Data Vahid Delay 10 110 10 110 ns Gy = 100 pF far all
TCHDX Dafa Hold Time 10 10 ns BOCEE Oulputs in
TWHDX Data Hold Time TCLCH-30 TCLEH-30 ns addition 1o internal loads
After WR
TCVCTV Contral Acliva 10 110 10 110 ns
Detay 1
TCHCTV Control Active 10 110 10 110 ns
Delay 2
TCVCTX Control Inactve 10 110 10 110 ns
Dretay
TAZAL Address Float 1o (1] o (13
READ Active
O TCLAL AD Active Delay 10 165 10 165 ns
TCLAH AD Inactive Delay 10 150 10 150 ns
TRHAV AD Inactive to Next TCLCL-45 TCLCL-45 ns
Address Activa
TCLHAY HLDA Valid Delay 10 160 10 160 ns
TALRH AD width 2TCLCL-75 2TCLEL-75 ns
TWLWH WA widlh 2TCLCL-B0 2TCLCL-B0 ns
TAVAL Address Valid 1o TCLEH-60 TCLCH-80 ns
ALE Low
TOLOH QOutput Rise Time 15 i5 ns From 0.8V o 2.0¢
TQHOL Output Fall Time 15 15 ns Frem 2.0V to 0.8V

NOTES: 1. Signal at B2C844 shown for reference only,
2. Setup requirerment for asynchronous signal only 1o guaranies recognifion al next clock,
3. Applies only 1o T2 state (B nanoseconds info T3).




Waveforms

BUS TIMING — MINIMUM MODE SYSTEM
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Waveforms (Continued)
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BUS TIMING—MINIMUM MODE SYSTEM (Cantinuad)
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A.C. ELECTRICAL CHARACTERISTICS (Continued)
MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING REQUIREMENTS

BOCAE-4 BOCEB
SYMBOL PARAMETER MIN MaX MiN MAK UHITS TEST CONDITIONS
TCLCL CLK Cycle Peripd 250 200 ns
TCLCH CLK Low Tima 151 118 s
TCHCL CLK High Time 85 63 ns
TCHI1CH2 CLK Rise Time 10 10 ns From 1.0V 1o 3.8Y
TCL2CE1 CLK Fall Time 10 i0 ns From 3.5V 10 1.0V
TOVCL Daia in Selup Time a0 30 ns
TCLDX Dara in Hold Time 10 10 ns
TRIVCL RADY Sewp Time into a5 a5 ns
82Ca84 (See Noles 1, 2)
TCLA1X RDY Hold Time into o o ns
B2C84 (See Noles 1, 2
TRYHCH READY Setup Time 118 118 ns
inta B0CAA
TCHRYX RAEADY Hold Time a0 30 ns
into A0CE8
TRYLCL READY Inactve to -8B -8 ns
CLK (Sea Note 3)
TINVCH Setup Time lar 30 30 ns
R nition {INTH,
MMI, T) (See
Mote 3)
TGVCH ROWGT Setup Time a0 a0 ns
TCHGX FQ Hald Time inlo 40 TCHCL 40 TCHCL ns
BOCHS (See Note 4)
TILIH Input Aise Time 15 15 ns From 0.8V 1o 2.0V
(Except CLK)
TIHIL Input Fall Timea 15 15 ns From 2.0V 1o D.BY
[Excapt CLK)
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING B2C88 BUS CONTROLLER) TIMING RESPONSES

80C88

BOCEA-4 8oCas
SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS
TCLML Command Active 5 as 5 as ns
Delay (Sea MNaole 1)
TCLMH Command Inactive 5 35 5 as ns
Delay (See Mote 1)
TRYHSH AEADY Active (o Status 10 110 ns
Passive (See Mates 3, 5)
TCHSY Status Aclive Delay 10 110 10 110 ns
TCLSH Status Inactive Delay 10 130 10 130 ns
[Sea MNale 5)
TCLAY Address Valid Delay 10 110 10 110 ns
TCOLAX Address Hold Time 10 10 s
TCLAZ Address Float Delay TOLAX BO TCLAX ED ns
TCHSZ Slalus Float Delay B0 80 ns
TSVLH Status Vald to ALE 20 20 ns
High {Sea Note 1)
TSVMCH Status Valid to MCE a0 30 ns
High (See Maota 1)
TCLLH CLK Low to ALE Valid 15 15 ns
{See Naote 1)
TCLMCH CLK Low lo MCE High 25 25 ns
{See Mote 1)
TCHLL ALE Inactive Delay 4 18 4 18 ns
[See Nate 1)
TCLMECL MCE Inactive Defay 15 15 ns Cy = 100 pF for all
(See MNaote 1) BOCAA Outputs in
TCLDV Data Valid Delay 10 10 10 10 ns addition to internal loads
TCHDX Data Hold Time 10 10 ns
TOVNY Control Active Delay 5 45 5 45 ns
{Sea Mote 1)
TCVHX Control Inactive 10 45 10 45 ns
Delay (See Mate 1)
TAZRL Address Floal to 0 0 ns
Aead Active
TCLAL AD Active Delay 10 165 10 165 ns
TCLAH AD Inactive Delay 10 150 10 150 ns
TEHAY AD Inactive 1o Next TCLCL-45 TCLCL-45 ns
Address Active
TCHDTL Direction Confrol 50 50 ns
Active Delay {Sea
Mote 1)
TCHOTH Direction Control 30 30 ns
Inactive Defay
(See Note 1)
TCLGL GT Active Delay 85 BS ns
TCLGH GT Inactive Delay [ 85 ns
TRLAH RD Width 2TCLCL-75 2TCLCL-7S ns
TOLOH Culput Rige Time 15 15 ne Fram 0.8Y to 2.0V
TOHOL Qutput Fall Time 15 15 ns From 2.0% 10 0.8Y

WNOTES: 1. Signal at 82CB4A shawn for relerence only

2. Selup requirement lor asynchronous signal anly to guaraniea recognilion gt next clock,

3. Applies only to T2 state (8 nangseconds into T3).

4. The 80CES actively pulis the RQVGT pin 1o a logic one on the following clock low time.

5. Status lines refurmn to their inactive (logie one) state after CLK goes low and READY goes high,
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Waveiorms

BUS TIMING — MAXIMUM MODE
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Waveforms (Continued)

BUS TIMING — MAXIMUM

MODE SYSTEM
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AMWL, IOAC. [DWC, AIDWE. INTA AND OEN| LAGS THE ACTIVE HIGH B2CEE GEN

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

. STATUS INACTIVE IN STATE JUST PRICA TO T,

B L

an o

[=r R
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REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

FuLsL 3
COPROCESSOR
BELEASE

p[=117

NGTE: 1. THE COPROCESSOA May NOT DRIVE THE BUSSES OQUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION

;l_){:ﬁeaz__-_ﬁﬁ.rezs.u__-___- t

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

21 CLK CHELE »
L \_{{_qf
Trven 1SEE MOTE 1)

_ B —]| {mm

HOLD J
— ToLHAY
ML - ;‘ B
Ayly S e Jetad 1 -
. DE comoctsson N (e
S har®s iins ! ey AP <= NN —— TCHEZ
D, W, 10+, 0T/, DEN, 550 e . e e e — . s
ASYNCHRONOUS BUS LOCK SIGNAL TIMING
SIGNAL RECOGNITION (MAXIMUM MODE ONLY)
CLE LY [\ Any CLE c,:u*{ Any CLK cf:u-I
i TIMWCH {#em rista 1) T o
IHTR sgral
—=TOLAY = —= TOLAY =—
= i N
MOTE: 1, SETUP RECLAREMENTS FOR ASYMCHRONOUS
SHGMALS ONLY TO GUARANTEE AECOGHITION AT HEXT CLK,

22
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A.C. Test Circuits

OUTPUT FROM

DEVICE UNDER TEST T— TEST POINT
E

*Includes stray and jig capacitance

A.C. Testing Input, Output Waveform

INPUT OUTPUT
VIH + 0.4V VOH
1.5V X ><1.5v
VIL—0.4V VoL

A.C. Tesling: All input signals {other than CLK) mus

CLK must switch between 0.4V and Voo = 0.4 Ty and T must be i8ss than or equal 1o 15ns.

CLK Tg and Ty must be less than or equal to 10ns,

1 swilch between VIL ... —0.4V and VIH.., +D4V
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Imstruction Sat Summary .
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_f’. Instruction Set Summary (continued)
CONTROL TRAMSFER
CALL - Cant TRS 43700 POSAdTHIO PHSd3T0E TES 43208 Jasiszap
Detiel milfien gegmes BT igpa il £4p hgh _i J.I.I'Jumhlrl::':ﬁ:‘ﬂl L T LN Brip
NGl wiinn qegmen PO Y00 [msd i1 B 10 ""’".i.,":r?f:::.“ Btiom o gringian g
Durect L B ] 1gpivgarp eMei e #HyF Aigs ] AWPAIFE Sump on eet PaTipa gad 1A e ding
g lom g ngn | B0 Jump an pel averiige Grrigngy 2ip
Iri-lrlmlwuqmum Ell TV 9§ |moo@ i aim i Bamp On REd 1gn drvitian b i
ey e LB | pap £ limipy RN TR &up
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L] wekten Apgmen PP i) [man g g i |
Doy =EFriEgmdnl Frrgenig artyel ipe afyg h;n-'i mt Intartugl
irg o= SE Mgl Tyad yadgihid ey g (113
|Fd||!t1|ﬂ|r_<'|-rgh¢r\-l Elll Flindimes 01 sim Tepe'd t1@dgr1aa
i Al =
W18 srpvupt an peeilize 13811 vpg
M Matara inm CALL UMY migesupl rpign 1igoD1Tyy
Wil bigmpns Lrgagaan
Wl 6] ddding smimed Bx 5P Llaopareg gl 2w Qily hgn i
Ll LA LT 118 idud
Inlevsegmen basing immesaie 1o S50 1opa gt o Tie 10m 2 rgn ] PROCESSOM COMTADL
ALY bump oo gl rienn gringiga LT BLE Crear carip AEERT T
Ju |
l,r.rhﬁv gﬁ"’"“‘" e Btirr1og Ll CBE Complemint pang tANED g
MIJII;#;E':H Wb 8 egudlingi Bisiring g LI Sed carre (R T
"”"*m‘"m:‘"“m“ e e Bn €18 Cieds duecnon ERETT]
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A Jemp e Bvplipe 11 eQGnddg Bp B S emigerag [NEEEE OH
3 mp oa nigs biviiagp san WL mgn [rriiacoe
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Jﬂl-’ﬂ#:;mmm“r el TR R (3L ] ] LBEE Bus face il TAviasan |
Featratng:
AL » Bbal accumulaiar d5 w =01 \hen 16 tits of immedate 6313 farm 1he operand
AX 16D accumulatos A3 w= 11 ihen an immedale dala byte i Sign exfended by
CX = Count register fadrm 1ne 16 boerand
D5 = Data segment = 3 o e
= = = Ll
ES « Exira segment My=0then “count™ =1, il v=1 then “count™ n [CL)
Anovelbelow delers fa unsignad value ©=don'l care
Greater « mare pasilive. €15 used for sinng pumdrees far companson sl ZF FLAG

Less « less pasive [moce neqativel signed valyes SECMENT OVERRIDE PREFIX
I R TR reg; il d o [ vhen “liga™ ey

= | then weord eiruction, if wor B IRER By IF inatreciien [N

i mod « 1 then orm 15 trealed as 3 REG Taeid REG 15 assigned according 1o 1he following tabie
it mod = OO then B4SP « 0 disp-low and misp-hagh are absenn
f mod . 01 then BISP « disp-low sign-extlenced 1o 16ils gisg-nagh 14 abseat TE-MI jm 2 1) BMifw - Segmany
tmad « 10 1nen ISP « disp-hugh disp-fow i Y § oo AL o ES
oM CX o0 CL o1 c5

tim - OO0 1nen EA o (BX) - {51 - DISP a10” px 016 oL m 55
i edm + 001 then EA » (BX) » {DI) - DISP ot Bx o1t AL 11 05
Weiem « 010 then EA s (GPY - 158 - DISP (£ R 10 AH
i rim s Q01 then EA « (@F) « (01 - DISP 101 - BF 11 CH
arm < 100 then EA = (51) « DISP 1o 8l 1I[I:l 1]
eI = 101 Inen EA » (D) + QISP L i
Hedm « 110 then EA - |BPY - DISP*

. Atim - 811 then EA o [BX] « DISP
DiSP foliows 2nd Byle of imstruction [oelare data of required) Ingeruchians which i&lerence the flag regisier file a5 3 15-bi) obyecl use

Ihe symbal FLAGS fo represent the lils

“except il mod - 00 and ¢/m + 110 then EA « disp-high disp-low FLAGS - X X X X [OF) (OF) (IF) [TF) (SF] |28} % [AF) 2 IPF) X (CA

Mnemaonics intel 1978




Notes




Notes




F

80Cs88

=
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Packaging
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40 LEAD PLASTIC

— | % [ )
# e | ma j
i (]
=
i‘ [ el U | Il:!l
NOTE: 1) Dimensipns are: MIN. -, =T IE_'-.'
MAX. = LS
2} All Dimensions in inches
Ordering Information
__Fi'l__ D E_CBE /B
TEMPERATURE PACKAGE TDAEH 8 PROGRAM
RANGE TYPE MIL-STD-883
C — Commercial P - Plastic
| — Industrial D = Ceramic
M — Military X — Chip Form FREQUENCY RANGE
X —25°C R — Leadless Chip Blank DC-5MHz
Carrier PART -4  DC-4MHz
NUMBER
Sales Offices
F.ORDX TES SUITE 70% SUITE 131 SHITE 428 131919 5TH AYVE _SOUTH
HUNTSVILLE, AL, 35807 A0 CANDGA AVE 17V EAST I16TH STREET ESS BAOAD HOLLOW ADAD FEDERAL WAYT WA SB603

1205} 8317-488E

SUITE 750

IMTE MORTEN AVE
PHOENIN, AZ BS020
{6021 B10-00&0

SUITE 320

1503 50 COAST DAIVE
COSTAMESA CA 22625
(714} 540-2178

SUITE Croo
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MOUNTAIN VIEW, CA. 54043
1050 3646447
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[816) 397-0686

SUITE 715

I20W COMMERTIAL BLYD.
FT LAUDERDALE, FL. 13109
1205 739-0018
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BIS JOHNSON FEARY RO
ATLANTA, GA, 30342
(€04 35640040

SWITE oo

E400 SHAFER COURT
ROSEMOMNT, IL. GOO1E
{311 532-1950

CARMEL, IN_ 46032
13177 Bad-g011

SUITE 108

1BURLINGTOMN WOODS OR,
BURLINGTON Ma_ 01803
[E1T 273-5947

SUITE T03

IES0METRAD DAIVE
MINNEAPOLIS MN_ 55420
1612) 3541554

PO BOX 31747
RALEIGH, MC 77622
13190 5L 70985

MELVILLE, NY 11747
(516] 2484500

SUITE 780

J00E WILSON BRIDGE AD
WORTHINGTON, O 431068
[G14) B35-50&7

SUITE 1

995 OLD EAGLE SCHOOL AD.

WAYMNE, PA_ J3087
(2151 B&7-6680

SUITE 110

TTIZDDALLAS PARKWAY
DALLAS T 75243

[314) 248-1727

SEMICONDUCTOR DIGITAL PRODUCTS DIVISION

-y

[206) B15-4873

SUITER

005 AADADWAY
WANCOUVER, WA 38663
(706) £35-0043
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T

250 m sec.

—_—
Even sec.

~dd sec.

TIMING RELATIONSHIES
— = nonal LUNGHIES

DETERMINE RAW VELOCITIES
DETERMINE COMPENSATED VELOCITIES
DETERMINE AIR DENSITY

DETERMINE RAW VELOCITIES

DETERMINE RAW VELOCITIES

DETERMINE RAW VELOCITIES
SET ELEMENT TEMPERATURE

DETERMINE RAW VELOCITIES
DETERMINE COMPENSATED VELOCITIES
DETERMINE AIR DENSITY

;ﬂ_.féﬂ'”"’ 4
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L[/0 MEMORY MAP

LA
50 H WATCHDOG TIMER
40 H DAC CONTROL REG
20§ DAC 3 DATA REG
20 H DAC 2 DATA REG
10 H DAC 1 DATA REG
0 DAC O DATA REG
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DETERMINE RAW VELOGITIES

CORRECT A/D READINGS FOR
OFFSET AND GAIN
A/D IDEAL = (A/D-OFFSET)#CATN

v

SQUARE READINGS AND DIVIDE
BY ELEMENT RESISTANCE

v

SUBTRACT X- FROM X+
SUBTRACT Y- FROM Y+

v

USE LOOKUP TABLE
TO DETERMINE
RAW VELOCITIES

F,?'ure 8




DETERMTNE COMPENSATED VIlgeITiES

{ EVERY | s3gc i :|

LOAD B/A REGISTERS INTO n/xs

AVERACE THE & = |/4 5
CONVERT TO POLAR

ECOND RAW VELOCITI ES

USE ANCLE AND MAGHITUDE TO INTEAPOLATE
MACHITUDE EORRECTION FRAOH THE TANLE

- ANGLE CORRECTION FROM TABLE

USE ANGLE AND MAGNITUDE TO INTERPOLATE

DENSITY COMPENSATE THE MAGNITUDE

g L

TEMPERATURE COMPEMSATE THE MAGNITUDE

SET BIT
FLAG § 12

CLEAR BIT FLAG § 12

|

AVERACE 3 = | SECOND COMPEMSATI YELOCITIES.

D

& f et L
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v
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Processing
Pass

i

(once per secand)

Clear A/D
R eocttags £

fa.l".‘.'.SJ 28 -

Correct L& -
M see. Sums

For pflsed
Gain

Lecond CTR

Set = @F
Averes e Al
Repdfripﬂs

Use Avesses
o Look VF]

Correcdion:

Seat
DA e
=l j?

Se+ I o
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Crre L5uE
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SENSOR INTER-a5sY COMMURICATION TaASK
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sLEza E
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I

TURN OFF CARRIER
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TEP BUFFER

M

W

FORMAT RESP. wITH
TEAF. BUEFER DATA
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' Load 45 in A% I

7
Load A& in Bx

I Load 55 in CX i

.

i Load 55 im DX l

5ign Flag
Ser

Shife DX Lefg i

N Ferfore Sec Fumction
on Bl O of LRSH

FPerform Clear Functlen
on Bt O of [RSY

/L
FIGURE &5

CPU TEST FLOW GRAPH
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Ray
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I Sum = Sug + 1||'4hllj
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| Increnent Pojnter ]

Sus = Chesksum

W

Ferform Set Funegion
on Bit | of [Rsy
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Perfora Clear Funcclon on
Bit 1 of 1RSW

/7
FIGURE 46

ROM TEST FLOW CRAPH
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FIGURE &7

RAM TEST FLOW GRAFH
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Perform Set Funccion on
Bic 2 af tesw
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I Enable Interrupts
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| Set Tesc Flag

|

| Send Character __]

|
7
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Figure 48a

IAC LOOP TEST TRANSMIT ROUTIHE




Rec Inrr

Test Flag

Ser 7

Clear Flag

Perfora Sec
Funcecions on Error
Flag

Recoived
Char = Trans
Chag ?

Perform Reser
Function an
Error Flag

v v

v

RTI1

&
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Figure 48R
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FMQ-13 Object Code. "Digital Wind Sensor Application Program”. CPIN 83M-FMQ13-F002-00A 31 May 1990
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FMQ-12 Object Code. “Digital Wind Sensor Application Program”™. CPIN
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FMQ-13 Object Code, “Digital Wind Sensor Application Program”. CPIN 83M-FMQI3-F002-00A 31 May 1990
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FMQ-13 Object Code. “Digital Wind Sensor Application Program™. CPIN BIM-FMQ13-FOO2-00A 31 May 1990
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FMQ-13 Object Code. “Digital Wind Sensor Application Program”, CPIN 83M-FMQI3-F002-004 31 May 1990
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FMO-13 Ohject Code.
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:1030B00000008ECOBEDOBEDEBE2Z TFDEB1EDIFOAROF
*103DCO00EBAR2EDDFOANS T FF25FFFFFFFFEFFEFF20
+103DD00CFEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFED
:103DEQQOFFFFFFFFFFFFFFFFFFFFEFFFFFFFFFFFES
:1030FG00FFFFFFFFFFFEPFFFFFFFEFFFEFFFFERFFDS
:103ED0DD0FFFFFEFFFFFFFFFFFFEFFFFFFFFEFEFFCS
:103E1000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFRZ
1 103E2000FFFFFFFFFFFFFFFFFFFFFFFFFFEFFFEEAZ
:103E3000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFS2
:103E4000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFAE2
:103ES000FFFFFFFFFFFFFFFFFFFFFFFFFFEFFFFFET2
:103E6000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFE2
:103E7000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFS2
:103ER000FFFFFFFFFEFFFFFFFFFFFFFFFFFFFFEF42
:103E3000FFFFFFFFFFFFFFFEFFFFFEFFFFFFFFFFI2
+103EADQOFFFFFFFFFFFFFFFFPFFRFFFFFFFFFFFFF22
:103EBOOOFFFFFFFFFFFFFFPEFFFFFEFFFFFFFFEFL2
1103ECOC0FFFFFFFFFFEFFFFFFFFFFFFFFFFFFEFEG2
+103EDOOOFFFFPFPFFFFFFFFFPFFFFFFFFFEFFRFRFF2
:103EEQ00FFFFFFPFFFFFFFFFFFFFFFFFFEFFFEFFED
:103EF000FFFFFFFFFFFFFFFFFFFFFFFFFEFFFEFFD2
:103F0000FFFFEFFFFFFFFFFFFFFFFFFFFFFFFEEFFLCL
: 103F1000FFFFFFFFFFFFFFFFFFEFFFFFFFFFFFFFBL
:103F2000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFAL
: 103 F3000FFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFI1
:103FP4000FFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFEL
1 103FS000FFFFPFFFFFFEEEFFFFFEFFFFFFFFFEFFT1
1 103Fa000FFFFEFFFFFFFFFFFFFFFFFFFEFFFFEFFFFEL
1103 T000FFFFFFFFFFFFFFFFFFEFFFFFFFFFEFFFSL
:103F8000FFFFFFFFFFFFFFFFFFEFFEFFFFFEFFFFFF41
(A0 3Fe000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFI1
103 PAODOFFFFFFFFFFFFFFFFFFFFFEFFEFFFEFFE2]
:103FBODOFFFEFFFFFFFFFFFFFFFFFFFFFFFFFFFFLL
1103 FCO00FEEFFFFFFFFFFFEFEFFEFFFEFFFFFFEFED]L
1 103FDON0OFFFFFFFFFFEFFFFFFFFEFFFFFFEFFFFFFL
{103FEOONFFEEFFFFFFFFFFFFFFFFFFFFFEFFFFEFFE]
: 103FFO00REARFFDOO0OOFFFEFFFFEFEFFFFFFFFEEFFF16
00000001




21 LIST

[

Fib

Iy

1

= HEX 1FI1F WIDTH ! { SOURCE COMPILE W/ 31 BYTE nNoamME }
3

4 FFFF EGU /FROM ( LAST ADDP. OF EPROM CFFEF1

=1

& OO0 EQL OoRAM { 15T ADD. OF RAM CoOQOOo1 )

7 VFF EGU TOPRAM { LAST ADD. OF RAM LC7FF1 )

8

3 Qoo EGU ZERD { BEGMENT REGISTERS OFFSET )

10

11 2 DICTIONARY ( SYSTEM TARGET COMPILATION DICT. )
12

15 /APROM Z9FF = WINDDW ¢ 18T EFPROM COMPIL. ADD. C[DEOG] 3
14 A0 ALLaT ( 1ST RAM COMPILATION ADD. CRO1 )
158
LIS

o { SENSOR TASHKS RAM ALLOCATION )

1

& HEX

3 TORPRAM 100 — EQU "OPERATOR { INTER-ASSY TASK AREA L[EFF1]
iy

= TOPRAM 200 — EQU "ACOUISITION ( DATA ACO. TAsK AREA CSFF1
=

¥ TOPRAM 200 — EQU '"PROCESS { PROCESS TASK AREA L[4FF1
B

9 TOPRAM 400 — EGQU "WDOG { 5YS5. TEST TASK AREA [3FF] )
10

11 TOPRAM 4C0O — EGU COMMAMD { #x¥#ex+COMMAND TASK BREA [33F1]
1z

13

14 .8

15
LIST

0 ( SENE0OR DATA TABLE ALLOCATION )

1

2 HEX 1F1iF WIDTH ! { SOURCE COMPILE W/ 31 EYTE NAME )
e

4 FFFF EGQU /PROM { LAST ADD. OF EPROM LC[FFFF1 )

S

& o000 EQU ORAM ( 157 ADD. OF RAM C[OO0001 )

7 TFF EQU TOPRAM ( LAST ADD. OF RAM L7FF1 )

a8

9 Q0O EQU ZERO ( BEGMENT REGISTERS OFFESET )

10 2 DICTIONARRY ( SYSTEM TARGET COMPILATION DICT. )
11

12 /FPROM ZFE1 — WINDOW ( 15T EFROM COMPIL. ADD. L[CO1E] )
13 AC ALLAOT ( 18T RAM COMPILATION ADD. C[ADI )
14 DECIMAL 6&10 &17 THRU ¢ DATA TAELES ]

15 HEX HERE L. THERE U. FLUSH « 5

{ SENSOR MEMORY ALLOCATION

]

)

)

}



324 LIST

)

¥
1

L:.:

4

=

=

7

8

2

10
11
1z
13

14
15
&3 LISsT

0 ( MeCLELLAM SENSOR LOAD SCREEN a/s8/8g)

1 ¢ 18T ART. REV E RELEARSE HA04/83 ) HEX 1F1F WIDTH ! DECIMAL
2 340 353 THRU { VARIABLES g CONSTANTS)

4 354 LOAD { *%%x%s% NOPG FOR TESTING )

S 355 3260 THRU ( SYSTEM ROUTINES )

=

7 430 443 THRU { CPU, RAM, ROM TESTS & BIT ROUTINES)
g8

9 365 374 THRU ¢t BD/R & A/D & DATA ACOUISITION ROUTINES)
10
11 280 427 THRU { DATAH PROCESSING ROUTINES)
1=
12 322& LoaDp { LORD SCREEN CONT. )
14
15 .5

26 LIST

0 { McCLELLAN SENSOR LOARD SCREEN B8/8/8E)

1 428 LO&D ¢ APPLICATION FROCESSING)

2 452 471 THRU { INTER-ASSEMELY ROUTINE)

3

4 480 487 THRU { INTERRURPT HANDLERS

b=}

& 499 504 THRU { ELEMENT POWER up ROUTINE}

4

8 503 511 THRU { TASK TABLE & SYSTEM INITILIZATION)
3

10 512 520 THRU ( SYSTEM & TAsk INITILIZATION & START-UR)
11

12 525 S26 THRU { EYSTEM ‘START? ROUTINE)

12 .8

14

13




227 LIST i e i

L

]

{ M=ZLELLAN SENSOF .DAD SCREEN B/B/86)

-
L 5 IR T S Y T S

[y
[4]

[
L) Bl ¥

328 LIST

WMoy

329 LIST

a1 R e L o S TR (i

PP b T R
- "




XMITTER LOOPEACK ERROR CTR 3
# OF CHRARS TO xMIT )

10 CVARIABLE UARTERR
11 CVARIABLE CHARCMT

339 LIST e
b
1
i
=
&
i
8
=
1a
11
=
13
14
15
a0 LIST
0 { SENSOR SYSTEM VARIAHRLES E/2F/BE )
1
2 THERE COMSTANT RAMSTART
4 HEX 1F1F WIDTH ! DECIMAL
=
& VARIABLE SEMSORSTAT 2 ALLOT ( SEMSOR STATUS & ACH WORD )
7 CVARIABLE CONFIG ( SENSOR CONFIGURATION )
8 VARIAELE SETUFFLAG {( BENSOR SETUP FLAG 3
3 CVARIABLE RESETCTR { SYSTEM STARTURS COUNTER )
10 VARIABLE RESETIMER { 10 MIMN RESET TIMER )
11
12 CVARIAEBLE PRINTFLAG ( OUTFUT DATA FLAG)
13 CVARIAEBLE XFLAG { X=ON/X—=DFF FLAG)
14 CVARIAEBLE SCROLL { SCROLL FLAG)
b T
341 LIST
QO ( SBENSOR INTER-ASSY TASK VARIABLES )
1
2 VARIAEBLE COMMEBUFF 38 ALLOT ¢ COMMUNICATION BUFFER 3
2 VARIABELE POLLTEMP &4 ALLOT { TEMP BUFFER FOR POLL RESF DATA )
4 YARIABLE STXPTR { PTR TO STX CHAR IN COMMBUFF 3
g YARIABLE ETXFTR { FTR TO ETX CHAR IN COMMEUEE )
& CVARIABLE POLLCNT ( LAST FOLL REQUEST # )
7 CVMARIABLE CHARBUFF { TEMP FOR LDOFEACHK TEST CHAR )
8 CVARIAELE CDFLAG { CARRIER LDETECT STATUS FLAG 3
9 CVARIBEBLE TESTFLAG { TEST LOOPBACK CHAR FLAG )
[
{

o |

14 .85

=

13




-5

242 LIST
L { SENSOR PROCESS TASH VARIABLES )
1
= CVARIABLE d/a.index ( INDEX FOR D/As)
< CVARIABLE DATA.ERROR ( INPUT DATA ERROR FLRGS)
4 CVARIABLE FROCESSFLAG ( PROCESS EMNAEBLE FLARGE)
o CVARIABLE chan { chanrel # for sample _eslements)
& CVARIAREBELE loopont { loop count for sample elelmerts)
7 CVARIABLE a/d# { pointer to current a/d channsl)
8 CVARIABLE AD/CONREG { A/D SDOFTWARE REGISTER)
9
1 YARIABLE INDEX { INDEX FOR EIMARY SEQRCH ROUTINE)
11 VARIABLE EBEOTTOM ( BOTTOM POINTER FOR BINARY SEARCH)
i2 VARIABLE TR {( TOP POINTER FDR BIMARY SEARRCH) .o
15 VRARIABLE XBAR { S-S5ECOND X RVERAGE )
14 VARIABLE YBAR ( S—SECOND ¥ AVERAGE )
15
a5 LIST
0 ( SENSOR PROCESS TASK VARIAEBLES )
1
£ VARIABLE ELEMENTS & OLLOT ( SENSOR ELEMENT READINGS)
2 VARIAEBELE TEMFERATURE { TEMPERATURE YALUE)
4 VARIAEBLE FREQUENCY ( AIR DENSITY SENSOR FREGUEMNLCY)
S VMARIABLE TEMPVOLTI1 { TEMFERATURE SENSOR VOLTRGE)
& VARIABLE WOLTS ( VOLTRGE READING OF +5 SUPPLY)
7 VARIABLE D/AOUTBEUF €& ALLOT ( D/A OUTRUT VALUE TO HEAT ELEMENTS)
8 VARIABLE ELEMENTPOWER & ALLOT { ARRAY OF LATEST ELEMENT FOWERS)
2 VARIABLE XPOWER { POWER IMN X ELEMENT FAIR )
10 VARIABLE YPOWER { POWER IN ¥ ELEMENT FAIR )
11 VARIABLE HOLDEBUF 324 ALLOT ( DUMP OUTPUT BUFFER)
iz VARIABLE OWERHEAT { OVERHEAT OFFSET WALUE)
13 VARIABLE OVERHEATSETPT ( DESIRED OVERHEAT WALUE)
14 YARIABLE PRESSURE ( ATMOSHEREIC PFRESSURE VALUE)
153 YARIABLE RESISTANCE 14 ALLOT { ARRAY OF LATEST ELEMENT RES)
344 LIST
0 { SENSOR FROCESS TASK VARIAEBLES )
1
= VARIABLE XROWE & ALLOT { OUE FOR RAW X VELOCITIES)
3 VARIABLE YRAWE & ALLOT { GUE FOR RAW ¥ VELOCITEIS )
4 VARIABLE XSSECR 18 ALLOT { OUE FOR 5 COMP. X VELOCITIES)
o VRRIARLE YSSECO 18 ALLOT ( OUE FOR 5 COMP. ¥ VELOCITIES 3
& VARIABLE SFEED ( VELOCITY MAGNITUDE )
7 VARIABLE DIRECTION { VELOCITY DIRECTIONM )
8 VARRIABLE OSVOLTS { & VYOLT RERDING FOR A/D TEST )
9 VARIABLE CSVOLTS { CORRECTED 5 VOLT READING )
10 VARIABLE VEARO { FPRESSURE VOLTRGE REARDING )
11 VARIABLE VEBTEMP { PRESSURE TEMP. VOLTAGE READINMG
12 VYARIABLE TEMFCO { TEMFPERATURE COMPENSATION )
1Z VARIABLE FREGUENCY1 ( LASTEST FREGUENCY REQD )
14 ZVARIABLE XUMCOME { UNCOMPEMNSATED 1 SEC X VELOCITY)
{

SVARIARLE

¥ UNCOME e

UNCOMPEMSATED 1 SEC Y VELOCITY)

¥



b

45

246

=
OCWUWm=~MU &=

[l =t
BT e

e
oo

LIST

{ SENSOR
YARIABLE
VYARIAELE
CVRRIABLE
CVARIAEBLE
CVARIRELE
CVARIAELE
CVARIABLE
CVARIRELE
CVARIABLE
CVARIAEBLE
CVARIABLE
CVARIAREBLE
CVARIAELE
CVARIABLE
CVARIAEBLE

LIST

( SEMSOR

VARIABLE
VARIABLE
VARIRELE
VARIABLE
VARIABLE
VARIAELE
VARIAELE
VAORIABLE
VARIABLE
VARIAEBLE
VARIAELE
VARIAEBLE
«5

247 LIST

CUDMM WO

1

e
[d =

1]

iy
1

=
n &

{ SENSOR

VARIAEBLE
VARIAELE
VARIAEBLE
VARIAELE

VARIAEBLE
VARIABLE

SYSTEM TEST TASK

SFURCNT
MNMICHKCNT

A/DFAILCTR

R/DSTATE
SECCHNT
=SECCNT
ACOGUIRE
FHASE
RAMFLAG
REWTAIL
SEECTAIL
DACFLAG
LASTDAC
VERROR
FREQFLAG

FROCESS

ELEMENTOHMS
GRAINS/OFFSETS

THERMIS
FREGTARELE
BETEMFDEX
BARODEX
BEAROCOMP
BAROTEMP
FPD¥

RAWE

EDY

RAWY

FROCESS TRSHK VARIAEBLES

ANGLEDEX
MAGDEX
MAGCOmMP

ANGLECOMP

EEOTTOM
BTEOTTOM

=VARIAEBLE BPAIR
SVARIAEBLE EBTPAIR

2VARIABLE

LECPAIR

ZVARIABLE UBCPAIR

-5

TRSH VYARIABLES

(
{
{
(
(
{
{
(
¢
{
{
{

{
{

i T T

VERIABLES

( SFURIDUS INTERRUFRT CONUTER)
{ FLAG TO CHECK NMI )

{ # OF A/D FAILURES)

i A/D FLAG SET DURING CONVERSION)
{ SECONDS COUNTER FOR PROCESSING
{ SECONDS COUNTER FOR FROCESSING
{ FLAG TO START DATA ACOUISITION
( MODULD 8 CTR FOR 8 1/4 SECONDS
{

{

{

{

{

{

L

Tl MR mes ms

FLAG TD SYNC START OF RAmM TEBT
FOINTER TO END OF RAW QUE )
POINTER TO END DF S SEC QUE)
FLAG TO LOAD DACS)

LAST DAC OUTRUT ValLuE)

VOLTAGE ERROR COUNT)

FLAG TO READ FREQUENCY) .5

FOINTERS TO LOOKUP TRBLES )

ELEMENT RESISTAMCE DATA

A/D & D/A GAIN & OFFSET DATA )
THERMISTER DATA )

FREQUENCY TO PRESSURE TAEBLE )
FRESSURE COMF. TEME. INDEX TABLE)
FRESSURE COMF. PRESSURES INDEX TRELE)
PRESSURE COMPENSATION DATA TAEBLE)
PRESSURE SENSOR TEMP. DATA)
XK—AX1S POWER DIFFERENMCE DATA )
A-AXIS RAW VELOCITY DATA )

Y—AXI5 FOWER DIFFERENCE DATA )
Y-AXIS RAW VELOCITY DATA )

FOINTERS TO LOOKUP TRBLES )

MAG. COMFP. AMGLE IMDEX TRAEBLE)
MAG. COMP. MAG. IMDEX TABLE)
MAG. COMP. DATA TABLE)

AMGLE COMFENSATION TRAELE)

INDEX FROM EBARO. TAELE )

INDEX FROM BARDO. TEMP. TABLE )
EARD. COMPENSATION FAIR )

BARD. TEMP. COMPENSATION PAIR )
LOWER BEARO. COMPENSATION PAIR )
UFRFER EBARO. COMPENSATION PRIR )



248 LIST ——

W~ M b o= o

16
11
1=
13
14
15

T =IZRB0OR PROCESS
SVARIABLE EBAROTOT
ZVARIAELE BAROSUM
VARIAEBLE BAROEBAR
2VARIABLE BTEMPSUM
VARIAEBLE BTEMPEOR
CVARIABLE HEATFLAG
CVARIABLE FPTINIT
CVARIAELE ELECTR
CVARIAELE FECTR
CVARIABLE XSFLAG
CVMARIABLE YSFLAG
VARIABLE XSCALE
VARIAEBLE YSCALE

« 5

T ASH VARIABLES )

ZVARIABLE BTEMPTOT CVARIABLE PHASE?

{

i I A R R . T ey

[ #Hay)
SUM OF 1 SEC. PRESSURE VOLTAGE READINGS )
AVERAGE PRESSURE VYOLTAGE READING )

SUM OF 1 SEC. PRESSURE TEME. READINGS )
AVERAGE FRESSURE TEMF. REQDIMNG )

HEATER ACTIVE FLAG)

FRESSURE TRANSDUCER INITIALIZATION FLAG
ELEMENT TEST ERROR COUNTER )

FRERQUEMCY ERROR COUNTER)

SCALING FLAG FOR ¥ A%Is )

SCALING FLAG FOR ¥ AXIS )

XSCALE FACTOR )

YSCALE FACTOR )

49 LIST

0 { SENSOR FPROCESS TASK VARIRBLES )

1

= VARIAELE RAEOTTOM { INDEX FROM ANGLE TRELE)

3 VARIABLE MEOTTOM {( INDEX FROM SFPEED TRELE)

4 ZVARIAELE AFAIR ( ANGLE COMPENSATION PAIR)

S Z2VARIABLE MPAIR ( MAGMNITUDE COMPENSATION PAIR)

& SVARIABLE LMCPAIR ( LOWER MAG. COMP. PRIR)

7 2VARIABRLE UMCPRIR ( UPPER MAG. COMP. PAIR)

8 VARIAELE mMCOMP ( COMFENSATED MAGNITUDE VALUE)

9 VARIABLE CTHETH { COMFENSATED ANGLE)
10 2VARIABLE AGPAIR SVARIABLE 15TVOLTS ( ##*# TEST VARIAEBELE
11 2VARIAELE TRAIR { ##¥ TEST VARIAELE }

12 2VARIAEBLE RFPAIR { ##*% TEST VORIAEBLE )

12 2VARIAEBLE FPAIR { ##% TEST VARIABLE )

14 VARIABLE XxCOMP { wxx TEST COMP. X VEL.)
15 VARIABLE YCOmp ( ¥xx TEST COMP. ¥ VEL.) .85

220 LIST

© ( SENSOR HARDWARE DEVICE ADDRESSES 7/ T7/B6)

1 HEX

2 Coo0 COMSTAMT TABLES { STARTING ADDRESS OF LOOKUR TABLES)
3 { TAELE ADDRESSES FOR SENSOR DEPENDENT VARIABLES)

4 COE0 CONSTANT XTALFRED { LOCATION OF STORED CRYSTAL FREQ )
5 CO64 CONSTAMT PRESREF ( PRESSURE REFERENCE)

& Coee CONSTANT SPEEDLIMIT { CALIBRATION RANGE LIMIT 3

7 COES CONSTANT XLOLIMIT ( LIMITS FOR HIGH VELDOCITY SCALING )
8 CO&A COMSTANT XHILIMIT

9 COGC CONSTANT YLOLIMIT

10 COEE COMNSTANT YHILIMIT

8 |

12 DECIMAL

15 2048 CONSTANT SVOLTS { A/D COUNT FOR 5 VOLT INPUT) .S
14 120 CONSTAMNT RABINLIMIT { DIFFERENCE LIMIT FOR RAIM




231 LIST e

\ SoRSCR HARDWARE L=VICE ADDRESSES T/ T7/8E)

HEX

E000 CONSTANT adsmaxsmsh o ADDRESSES FORp AAD=1)
BOO1 CONSTANT sd/1lshb

BO0Z CONSTANT ad/osr

EOGO CONSTANT cel { 8254 PROG. COUNTER)

EO0L CONSTANT cet

EO0Z CONSTANT ces

10 6003 CONSTANT ckhkesr

11

12 00 CONSTANT das/mshb

12 01 CONSTANT da/lsb { D/A BESE ADDRESS)

14 40 CONSTENT dascsr  ( Dsg CONTROL REGISTER) -5
15

WO~ O Gy

aoz LIsT

( SENSOR HARDWARE DEVICE ADDRESSES TST/86)

HEX

{000 CONSTAMT comm/ tr { UART REGISTER ADDRESSES)
4001 CONSTANT comm/csr

4002 CONSTANT comm/ mer

40032 CONSTANT comms msre

SO CONSTANT watchdog ¢ 4P WATCHDOG CIRCUIT ADDRESS )
s

LD MmOD e oe— o

10
11
=
13
14
15

253 LIST

{  TEMPERATURE COMFENSATION DATH 8/1/87

CREATE TEMPTAB ( TEMPERATURE CORRECTION DATA )
14, -5184 , -2775 , 299 , 2000 , za97 + 5387 ; e566

-
SCUDNMmAEWD =
m

il ot
A O =

[y

i’

[
o+

A
Ln




254 LIST

L]

{ SENSOR SYSTEM ROUTINES )

1

& ( #x%x% REMOVE LATER #*x##%% )

3 CODE no. op NOR MEXT { USED FOUR DEBUGBING SOFTWARE

4  CODE rio.cpl MNOER MEXT { USED FOR DEBUGGING SOFTWARE )

o CODE no. op2 NOP MNEXT { USED FUR DEBUGGIMNG SOFTWARE )

& CODE no.ops NOP NEXT { USED FOR DEBUGGING SOFTWARE )

7 CODE ro.opd NOP NEXT { USED FOR DEBUGGIMNG SOFTWARE )

8 E£ODE rio. 2pS  MNOP MNEXT { USED FOR DEBUGBING SOFTWARE )

9 CODE oL opE NOP NEXT { USED FOR DEBUGGING SOFTWARE ]
10 { CODE spro.ops PHASE O MOV B NEXT ( USED FOR DEBUGGING SW
11 EODE sp.op O POF 1 POP 2 POP 2 PUSH 1 FPUSH © PUSH MEXT
12 CODE sp.opl O FOP 1 POP & DOP 2 PUSH 1 FUSH © PUSH MEXT
12 CODE gp.cop2 ¢ POP 1 FOP 2 POR 2 PUSH 1 FPUSH O PUSH MNEXT
14
i R =

3599 LIST

0 { SENE0OR SYSTEM ROUTINES )

1

2 : HEX 16 BASE ! 3 : DECIMAL 10 BRASE ! ;

2 : SET ( ny, m == SET UP LIMITS FOR DO LOOP }

&4 OVER + SWAP :

b

&

= =

=}

=
10
11
12
13

14

15

356 LIST

Q@ ( Binary Bearch )

1

2 : LOOK.UP ( a aof table, a of index —— TABLELindexl)

&5 G 2% + @ 3

F

o5 @ BBERRCH (. ny, a —— = Search table at “a" for n, sgts TP & BEOTHM)
& YR

bl EEGIN

B INDEX @ OVER I IMDEX LODK.URP ¢ NOT { v = tablelirdex]l 3
= IF BOTTOM ( bottom = index )
1G ELSE TF THEN { top = index )
1% ! BOTTOM 2 TR @ OVER - DUP R 2/ + INDEX !

12 Ry 2 « FRUSE { 1 = Tt-bl/2 + b )
13 UNTIL R} DROF ; { when top-boattom=1 )
14 .85

=

15

e T P



257 LIST

2 { Biviary Search Set Uo)
1
< : SEARCH.SETUFR ¢ g == a SET UP FOINTERS FOR BSEARRCH)
3 DURP 1@ { BAVE ADDRESS)
v &/ DUR TR | { SET TOF POINTER )
= 2/ IMDEYX | ( EET INDEX 1
& 1 BOTTOM ! H ¢ SET BOTTOM FPOINTER)
-
8
2
10
11
12
14%
228 LIST
2 { SYSTEM ROUTINES E/E/B7)
1
= HENX
2 CODE set.csrbit ( n —— sat bit n of the senscr entrl/stat req)
5 o POP O AD/CONREG OR B ( set bit in psuedo reg)
=] AD/CONREG O MOV B { setup psuedo reg)
& 0 ad/mu/msb MOV B NEXT ¢ Write to register)
-
8 CODE clear.csrbit ( 1 —— plear bit n of the contreol/status reg)
b= 0 POP FF #B O X0OR { form clearing mask)
f 10 0 AD/CONREG AWND B { clear bit in psuedo reg)
11 AD/CONREG © mav B { setup psuedo reqg)
e O ad/mx/msb MOV B NEXT ¢ write to register)
13
I'4 o5
1S
409 LIST
O ( McCLELLAN SENSOR FRES. SENSOR TOGGLE ROUTINE 2/25/,87)
1
2
P
&4
=
&
Fi
a
9
10
11
1=
13
14

s
L




360 LIST o =
O ¢ ®m.TLELLAN SENSOR EXTRA MATH ROUTINES &/25/87)
1
= CODE UM/ ( dy u -— g PERFORMS UNSIGNED DIVISION & RETURNS SING)
3 W POF 2 POP O FOP W DIV O PUSH NEXT
&5
< CODE D2/RND ( d -- d/& DIVIDES DOUBLE BY 2 RETURN ROUNDED SING)
3 1 POP O POP 1 # 0 ADD O # 1 ADC
7 1 SAR O RCR 0O PUSH NEXT
8
3 CODE dn/ ( ud, m == u UNSIGNED DIVIDE BY 2 TO THE n )
10 1 FOP O POP 2 POP
11 BEGIN © SAR 2 RCR LODOP 2 PUSH NEXT
12
13 CODE »/ ( uy n —— u UNSIGNED DIVIDE BY 2 TO THE s
14 1 POP O POP
15 BEGIN © SHR LOOP O PUSH NEXT .5
361 LIST
0
1
3
4
5
E
7
B
9
10
11
12
13
14
15
362 LIST
0
1
2
£
5
&
7
8
3
10
14
1z
13
14
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385

LIST e
]

1

=

i

5

&

Fi

a

3
10
11
12
15
14

15
EIST

£

i

F

S

=3

T

a8

9
10
11
1a
i1z
14
15
LIST

O { McCLELLAN SENSOR DEVEL.

1 HEX

& CODE dsastuff | da4, daZ, d
= QO #B d/a. index MmOV

4 BEGIN

= o FOp da/lsb # =
& d/a.irvdex 2 ADD B

7 0 HI O MOV B 2 INC
8 10 #B d/a. index ADD
9 LODOP O LASTDAC Moy
14

11

1= LASTDRAC O MOV B

13 dasesr OUT O #B DACFLAG MOV NEXT
14 .5

D/A DRIVER
a2, dal —-——
4 % 1 MOy
ouT
ouT

B NEXT

o e e ey

7/28/88)

setup for loop)
setup O & 1 )
cutput lsb)
cutput msb)
irncremnent index)
save last cutput)

CODE dac.load ( load dac using the last cut put)
{ load DRCs with last valug)

{

clear flag)



366 LIST

a7

268

{ MeCLELLAMN SENSOR

o ELEMENT SAMPLING ROUTINE 7/E28/86 )
1 HEX
= CODE sample_elements ( —-— sample 4 chrs 4 times )
3 FB #H AD/CONREG AND AD/CONRES O MOV 5] { setup ADSCOMREG)
& 0 ad/mus/msb MmOV B { set mux to 0O)
=] 1 #B chan MOV O #B loocpeont MOV { setup char# & loop)
& 04 # 1 MDYV ELEMENTS # W MOV { setup to clear)
Fd BEGIN O # W ) MmOV W INC W INC LOOP ¢ clear 8 byte)
=} 0 #B ad/csry MOV AD/CONREG O MOV B ¢ start asd & cet MUK}
9 chan O OR B O ad/mx/msb mOY B ( O AD/CONREG MOV B )
10 OF #B A/DSTATE MOV { set flag)
11 LABEL L1 wait O #B A/DSTATE mMawv { wait Tor corver.)
i O #B A/DFAILCTR MOV { clear flags)
13 0 0 BUB ad/mx/msh O MOV B { read mshb)
14 0 0 HI MOV B ad/lsbh O MOV B { "=ad 1lsh)
15 O #B ad/csr MOV 4 # 1 MOV O SHR W { start asd ) .E
LIST
0 ( McCLELLAM SENSOR ELEMENT SAMPLING ROUTIMNE CONT'D 7/28/B6 )
1. HEX
= a’d# 1 MOV R 1 5HL ( get offset for data table)
3 1 W Moy 0 ELEMENTS W) ADD { add to sum)
4 a/d# INC B 0Z #B a/d# AND ( inc pointer mod 4)
] 3 #B chan TEST 0= ( if chan = 0, inc loop mod %)
& IF locpent INC B
7 2 #B loopent TEST ©0= ({ if leop = 0, exit)
g IF MEXT THEN
= THEM chan INC B 3 #B charn AND { else inc charn )
10 AD/COMREG O MOY B chan O OR B ( setup mux)
11 O ad/mx/msb MOV B OF #B A/DSTATE MOV ( save state)
12 L1 JmMpP
Iid .5
14
i
LIST
O { McCLELLAN SEMS0OR DEVEL. A/D SAMPLING 3/26/87)
1
2 HEX
< CODE a/d.sample | chan — # read A/D chan )
4 AD/CONREG © MOV B {( load AD/COMREG im )
] 1 POF 1 O OR B O ad/mx/msb MOV B { set mux to chamnd
& O # 1 MmOV BEGIN LDOP { delay 10 usesc)
Fd 0 ad/csr MOV B { start cornv)
a8 O 0 suUp OF #B A/DSTATE MOV { clear r0 & set Fflag)
9 walt { wait for conversion)
10 0 #B ASDSTATE mMOY { clear flagl
11 O #B A/DFAILCTR MOV i clear cournt)
1& ad/mx/msb O MOV B { read asd msb )
3 0 o HI MOV B ad/lsb O MOV B { save & read lsb)
i

o4 # 1 mMOv 0 SHR W 0 PUSH

MEXT « 8

drop 4 lsb & add}




369 LIST

1 HEX

& CODE read _freguency ( Read Freguency Cournter)

3 FREQFLAG © MOV B O O OR R = { is FREGFLAG clear 7)

& IF OE4 #B chosr MmOV ( latch status of cel)

5 cel O MOV B { read status of cel)

& 80 #B O TEST 0= ( test for cutput low)

7 IF ODB #B ckcsr MOV { latch count of ce2)

=1 FREOUENCY1 © mov 0 FREGUENMCY moOw

3 CeS O MOV B cez O HI MOV B ( read lsb, then msb 3
10 I MEG 0 FREQUENMCY: mMOv { save results)
11 BEQO #B ckesr MOV { write model/word ta ce&)
1z OO0 SUB Ocez MOV E O cap MOV B ( reset count)
13 I #B FREGFLAG mMowv { set Fflag)
14 THEMN
15

S70 LIST

O { McCLELLAN SENSOR DEVEL. AIR DENSITY SENSING 7/28/86)

1 HEX

b= ELSE OE4 #B chesy MOV { latch status of cel)

3 cel ¢ MOV B { read status of cel)

o4 80 #B O TEST 0= NOT { test faor output high)

S IF O #B FREGFLAG MmOV { clear flag)

& THEN

7 THEM NEXT .5

a

3
i0
11

12

13
14

15

STL LIST

0 ( A/D SAMPLING CHANNEL 4 — 7 3/514/89)

1

2 : A/D.READ ( FREAD CHANNEL 4 THRU 7 )

& .3 a/d. sample TEMPVOLT1 +! ( SUM TEMF. SEN. REBDING )
i S a‘/d.sample YBTEMP +1! ( 5UM BARO. TEMP READINGS )
5 £ a/d.sanple DUP VOLTS +! ( SUM 5 VOLT RERDING )
& OSVOLTS ! (i SAVE S VOLT READIMG )
Fi 7 a/d.sample VBARD +! 3 { S5UM BARO. READINGS )
&8

9 .5

10

11

iz

13

14

[
o

2 ( MeCLELLAN SENSOR DEVEL. AIR DEMNSITY SENSING TAZEB/BE)



372 LIST _ ]

@ { MoTLELLAN - SENGSGR ELEMENT TEMPERATURE RANGE TEST 7/268/86)
1

4 .5

=

=

Fi

a

=)
1a
11

1=
T3
14

2

273 LIST

0 { McCLELLAM SENSOR DATA VALIDATION ROUTINE 8/7/86)
1

= ¢ VALIDATE ( IF A/D READING EXCEEDS MAX VOLTOGE RAMNGE )
3 ( FOR THE PROCESSOR THEN THE LIKELY CAUSE )
4 { IE AN A/D FAILURE )

o cSE OSVOLTS @ { FETCH LAST READING)

& 1433 3277 WITHIN { WITHIN 3.5-8 VOLT RANGE 7}
7 IF elear.status { CLEAR A/D FLAG )

a8 ELSE set.status { SET A/D FLAG)

3 THEN ;
10 5
14
1=
13
14
15

374 LIST

O ( McCLELLAN - DATA AGUISITION TASK 3/14/893)

1

2 ! ACOUISITIONING { —— ACGUIRE INPUT DATA & TEST FOR VALIDITY)
3 BEGIM PAUSE ACOUIRE C&

i IF O ACGQUIRE ! i CLEAR FLAG

= sample slemernts { sample element voltages )
& A/D. READ DACFLAG C®@ { sample other charnels )

Fi IF dac. load { load DAC if flag set )

B8 THEM VALIDATE { test data range )

3 1 PROCESSFLAG C! { SET FLAG FOR PROCESS )

1Q THEN

11 AGAIN 3

e 8

13




378 LIST

=79

280

10T

e g
M= D W~ MmO LT

et e
[ <

LIST

LT R ) - O (R

1
11
12
15
14

15

LIST

0 HEX

1 CODE

-

e i B =
FUM~OoSWD-~ MmO f L

—
&)

az
0A
co
El
ag
04
F7
10
FF

CODE G+ ( g

ee
04

Ly

L,
C,

8E C,

O* (
EE. E;
F7 G,
a3 .,
o1 C,
4y C,
112
EdES
FEFIE
G 1 I

FC C,
1 s
035 c,

d d

a8 .,
El C,
45 C,
45 C,;
08 C,
S5 C,
o1 C,
79 By
FEB C,

9 - q
8E C,
45 C,
110,

an
es

=
=

C
C
cC
04 C
a8 C
02 C
45 C
C

8] =

FC
=5
as
11
45
az
i
FF

=] =]
Ddy
05
a9
OE
15
11

75

01
&5
=

45
a3
ap
0a
F7
Q0
15
Chdy

45
oz
C4

0OE
45
45
A3
E1
8B
FA
FF

OE
i1
0g

P

-

E']Pul"]_ﬂ_ﬂ o I

-

8B C
06 C,
OC C
15 T,
ol £
45 C,
83 B
75

B8R C,
45 C,

MNEXT .

4D
=1
=2
00
43
o
C4

o2

45
oA
=1

[T T ™ T o

s

anooonoaon

nno



=81 LIST

LS e R B O o R S

1)
11
12
13
14
i3S

[+
m
i

YT 1= e ) - YO e

( 14-bit Fixed-point fraction arithmetic)
{ Snarfed from Paly-FORTH level 3 page 42 )

16384 CONSTANT +1

CODE %. (n f — n) o POR 1 PORP 1 ImMUL
0 8SHL 2 REL Q BHL RCL & PUSH NEXT

(e}

CORDE /. f mn = F) i POP = POP 0 0 SURE
= SAR 0 RCR 2 S5AR & RCR 1 IDIV o PUSH NEXT

CODE U/ (uu=u) WPHPE opop 22 SUE W DIV O PUSH NEXT

-5

& LIST

{ Trigovnometry for l4-bit fractions)
{ Snarfed from Poly-FORTH level 3 page 48 )

CODE TRIANGLE ( a — ) 0 POP O EHL 0 SHL
ol IF 0 NEG THEM +1 # O SUB o MNEG 0 PUSH NEXT

CODE 90— ( a = a) o POR 40396 # 0 SUB 0 PUSH MNEXT
{ Hart 3300: 1.57079 —.E4589 .07943 —.00433)
:t BOE { a = f) TRIANGLE DUP DUP . DUP =71 =,
1301 + OVER +. =10382 + =, 9352 + OVER *. + PAUSE ;

: §IN € a — F) 90— CDES:
5

383 LIST

-
e T = BN o I ) B Y

[
=

12
13
14
15

{ Are-tangent)
{ Srniarfed from Poly-FORTH level 3 page 42 )

CODE  !'SET O FOF 2@ ROR CS NDT IF
LODS THEM R ¥y RCL NEXT

{ Hart 4960: .13%320 —-.032870 .(0O2EBO .41421)
HERE HEX =0Coo Q00 S400 , 3000
14040 , —1C00 , —2C£00 2400, DECIMAL

: ATABN ( mn n — a) opurP 0¢ ¥R ABS

SWAF DURF od 'SET NEGATE 2DURP } !SET SWRPF /.

DUF -&7E8 + SWAF &7BE =, L FLS,

DUFR DUP «, DUR 438 =, —-BE4 + *, ZEQOT7 + %,

Ry 2% LITERAL + @ + ABS FPRUSE ;

Lt o B,



384 LIST

O ( Angle conversion )

1 { Srarfed from Poly-FORTH level 3 page S0 )

3 1 DEG ( n — ) 36O /. ;

4 = REV ¢ F — ) © 18000 8132 M*/ DROP ;

it {5 ¢ F = F 8132 OVER ¢ IF 41 — THEN :

£

7

8

3

16 .8
11
1z
13
14
is

285 LIST

O ( DATA ACOUISITION HANDLER F/AFR/85 )

1

e CODE SGRT ( d - n, RETURNS SGUARE ROOT FOR DOUBLE-LENGTH # )
3 2 POP 0 pOop I PUSH W W SUE W I MOV 16 # 1 Mgy
4 BEEGIN O SHL & RCL I RCL 0 SHL 2 RCL I RCL
5 W SHL WSHL W INC W I cMP CS NOT IF
[ WISUB W INC THEN W SHR

7 LOOF I POR W PUSH  NEXT

a8

9 .8
10
11
iz
13
14
15

286 LIST

0 ( FROCESS GSORT ROUTINE )

1

2 HEX CODE @SGRT (g — d )

4 83 C, ECCy O4C, BRC, FC C, 31 C, Da Cy 31 Gy CO C, 83 C,
405 C, B3C, 45C, 02 G, B3 C, 20 C, 00 C, D1 €, &5.€, OA C,
3 D1 ©; 55 C, 08 G,

&Dl1 C, 55C, 06 C, D1 €, 55 C, 04 C, DI C, bo g, bt Cc, Dz C,
/Dbl L, 65C, OAC, D1 C, 55 C, 0B C, DL C, S5 C, 06 C, D1 C,
835C, 04C, D1 C, DO C, D1 C, D2 C, D} C, 253 €; D1 B, 55 C,
902C, D1 C, 85C, DL C, 55 ¢, 02 C, 83 c, o5 C, o1 C, 83 C,
L0ia5 Gy @2 Gy 005, 3B.E, 55 €, 08 €, 72 €, 1820
11759 € 04 C, 3BC, 05 C, 72 C, OC C; 8B C, 05 C, 1B E; 55 C;
lz 02 C, 83¢C, 05 C, 01 C, B3 ¢, 55 c, 02 C, 00 C, DI C, €D C,
ls o2, D1 C, IDC, E2C, Bl C, BB C, OS5 C, BB C, 55 C,. 02 C,
14 83 C, C4 C, OC €, 50 C, 52 C, NEXT
15 .5



=87 LIST =
O { m_ITLELLAN — HEATSR DUTY CYCLE ROUTINE TA16/87 )
1 HEX '
& : HEAT.220 ( TURN HEATER OFF IF 1107220 FLAG IS CLEAR )
3 CONFIG C& 20 AND { 110/220 FLAG RESET 7 )
4 IF 80 plear.csrbit ( TURN OFF HEATER)
5 THEN
&
7T w5
a8
9
10
11
1=
13
14
15
288 LIST
Q ( McCLELLAN SENSOR HEATER ROUTINE 7/16/7/87)
1
£ : HEAT.CONTRDOL ( TEST TEMFERATURE & TURN HERTER OM ACCORDIMNGLY)
& 128 TEMPERATURE @ { BET MASK & FETCH TEME. )
4 HEATFLAG C& { USE EXFPANDED RANGE %)
2 IF =22800 1000 WITHIN { WITHIN -22 - 10 DEG. C?)
& IF set.csrbit { TURN HEATER ON '}
7 ELEE clear.cocsrbit { TURN HEATER OFF )
2] 0O HEATFLAG C! { CLEAR FLAG)
=) THEM
10 ELEE -2000 500 WITHIN {( WITHIN —&0 - 5 DEG. C 7)
11 IF =zet.csrbit { TURM HEATER OM}
i I HEATFLAG C! ( BET FLAG)
13 ELSE DROP { DROP 128 MASHK)
14 THEM
15 THEM 35 .8
289 LIST
O 4 McCLELLAN — VOLTAGE TO TEMPERATURE CONVERSION 7/28/86)
1
2 : A/D.ADJUST ( g,v,o —— av) { {COUNT — OFFSET 3}*GAIN )
3 — M=% B192 O D+ 14 dn/ ; ( GRIM IS SCALED TO 1E3Z84)
&
S5 : D/AA.ADJUST ({ oyv,g —— av) ( [{E*COUNT = GAINY + OFFSET1/5CALE)
& M#* 16384 Q D+ 13 dn/
7 + 2 n/ 3 ( GAIN SCALED TO 18384%)
=]
9 : INTERP.TEMF ( wvolts —-- degC LOODHUP & CONVERT VOLTS-TEMR)
10 BOTTOM ® 2« THERMIS @ + DUP }R ( SAVE ADDRESS)
11 £ - =100 ( COMPUTE X — Xi )
12 Ry 2@ ( FETCH Xi+1,¥Xi}
13 ZDUP TPRAIR 2! { ##%%%x REMOVE)
14 — { CX=X1id#10/0Xi+1-X11)

15 { *x#%7) a8 paTTomMm & — 1900 *  + ( ADD DEGREE ) .5

- € e,
BT e b -



230 LIST e
0 MoZLELLAMN SENSOR VOLTAGE TO TEMEERATURE ROUTINE 3414/789)
1
2 : B&O.ADJUST { 1 —= ADJUST FOR NON-IDEAL AFFECTS)
3 GRINS/0OFFSETS @ 16 + 2@ { RETRIEVE GAIN & OFFSET)
£ ROT SWAF A/D.ADTUST : ( CORRECT TEMR READINMNG)
5
6 =z VW/T.ARDJUST ( —— USE DATA In GAINS/0FFSET TRELE T0O ADJUST )
rd TEMPVOLTL @ G&0.ADJUST =+ 4% / ( CORRECT TEMP READING)
8 VOLTS & G&0.ADJUST 2 4/ ( CORRECT VOLTRAGE READING)
3 TEMPVOLT1 2& HOLDEUF 12 + 21! { *x%% TEMPORARY TEST USE)
10 DUF CsSVOLTS ! { SAVE CORRECTED SVOLTS:
11 0 TEMPVOLT1 ! O VOLTS ! 3 ¢ CLERR VARIABLES)
1z
13 : OVER.HEART L s RETURN DESIRED ELEMENT TEMPERATURE )
14 OVERHEAT B+ ; ( COMPUTE OVERHEAOT)
15 .8
291 LIST

2

( McCLELLAN SENSOR VOLTAGE TO TEMPERATURE ROUTINE T/31/88)

: CONMERT.M/AT (== )
SENSORSTAT & 256 AND NOT { NO A/D FRAILUES )
IF 1024 V/T.ADJUST ( ADJUST FOR A/D GAIN & OFFSET)
SYOLTS SWRAP =/ ( TUDLTS*UDLTQEE!SUDLTSEHDJ!HEHDINE}
THERMIS & { FETCH FOINTER TD TRBLE )
SEARCH. SETUF { SETUF FOR SEARCH)
f

(I
O WDy Mmoo

BEEARCH FIMD Xi & Xi+1 FOR INTERPOLATION)
INTERP. TEMP { FIND Xi & Xi+1 & INTERPOLATE)
DURP —5500 7600 WITHIN ( WITHIN RANGE 7)
IF TEMFPERATURE ! { YES, SAVE RESULTS)
=2 clear.status
12 ELSE DROF set.status ( NOy, DROP RESULTS & SET FLAB)
14 THEN
15 THEN 5 .5
352 LIST

{ McCLELLAN SEMSOR ELEMENT RESISTANCE & D/A OQUTRPUT 10/12/86)

EL.TAB ( n —— a FIND ADDRESS TO 1 OF 4 ELEMENT TRELES)
26 # ELEMEMTOHMS & +

INTERP. EXTRARP? (== 1, vi, Yy O n=DESIRED ELEMENT TEMR )
DUP DUF 5000 17000 WITHIN ( INTERFOLATE e
IF 1000 /sMOD ( »=X-=Xi, g=|indexl)
9 = 0 SHAFR { COMPUTE INDEX., MAKE r» A d)
ELSE DUP S000 ¢ { EXTRAFOLATE DOWN 7

Wm o~ MO L o O
e

1a IF DUP &

X1 IF & 1 = ELSE 0 { MAKE DOUBLE, POS. DR NEG: )
1z THEN S000 O D—- 0 ( SET [X—Xil PS d & INDEX}
13 ELSE 1eo0D — 0 11 ( SET TO EXTRAPDOLATE UR)

14 THEN

135 THEN ; .S




333 LIST

O ¢ McCLELLAN SENSOR ELEMENT RESISTANCE & D/A QUTPUT 10/12/86)
1

2 1 INTERF.ELRES ¢ My, 1 =— n FIND ELEMENT RESISTANCE & D/sA OUTPUT)
3 DUP YR EL.TAB R ( SAVE INDEX & TABLE ADDR.)

i INTERF. EXTRAP? ( BET UF TO ESTIMATE RESISTANCE)

= =% R} + PE cDUF RPAIR 2! ( ##%xx { FETCH Yi+l, ¥Yi )
= DUP R - 1000 M=/ { SAVE Yi, COMPUTE [X—=XiJ[Yi+l-Yil)
4 R} O D+ S0000 O D+ { S=RESISTANCE IN 10 UlOHMS)

a ZDUP RESISTANCE I 4 # + 2! { SAVE FOR POWER CALCULATION)
9 4096  BO00 M/
1¢ 3 0D+ 5 py { COMPUTE IDEAL D/A OUTPUT)
11 I 4 % GAINS/OFFSETS @ + 2@ ROT SWAR ( SETUP FOR ADJUST)

P D/A. ADJUST { ADJUST FOR NON~IDEAL D/A)
13 Ry 2% D/A0OUTBUF + 1 { SAVE IN D/A ARRARY) .5
14 .5
15
334 LIST

0 ( McCLELLAN SENSOR ELEMEMT RESISTANCE ROUT INE T/31/86)

1

2 : ELEMENT.RESISTANCE ¢ — )

3 TEMPERATURE @ { TEST FOR VALID TEME)

4 OVER.HEAT 4 o ( COMFPUTE NEW OVERHEAT)

S5 DO I INTERP.ELRES ( FIND ELEMENT RESISTANCE & D/A VALUE)
& FAUSE

7 LOOP OVERHEATSETRT !

=)

9 : NEW.TEMP ( —- da4,da3,daZ,dal )
10 D/ADUTBUF DUFP R
11 6+ 814 +@12+ @R @ ; ( PUT DATA ON STACK)
1z
i3 .8
14

15

399 LIST

0 ( McCLELLAN - SENSOR ELEMENT TEMPERATURE SET FUNCTION 7/28/86)
i

2 : BET_ELEMENT_TEMF ( —-— RERD TEMP, TEST & DUTPUT NEW TEMP)
3 CONVERT.V/T ( CONVERT VOLTAGE TO TEMP)

4 ELEMENT. RESISTANCE { DETERMIMNE ELEMENT RESISTANCE)

3 MNEW. TEMP d/astuff { DETERMINE NEW TEMP BETTING & OUTRUT)
& HEAT. COMTROL  j { 25 DUTY CYCLE FOR 220 VOLT AC)

p

Bine s

3

10

11

12

13
14

15

= r ML R s WMy



296 LIST

{ McCLELLAM SENSOR FRESSURE COMPENSATION ROUTINE Z/14/83)

)

2 : BTEMP.LOOHUE ¢ —— btemp LOCKUP BTEMP. FOR INDEXING)

3 BTEMFBAR @ BTEMFDEX @ { BET btemp & TABLE)

- SEARCH. SETUF BSEARCH { SEARCH TAEBLE)

5 BOTTOM @ DUP BTEOTTOM ! ( SAVE INDEX)

G 2% BTEMPDEX ® + 2@ BTPAIR 2! 3 ( 58VE btemp FPOIR )

Fi

8 : BARO. LODKUP | btemp —— btemp, baro LOOKUP FRESSURE FOR INDEXG)
= EAROBRAR @ BARODEX @& {( GET baroc & TABLE)

10 SERRCH. SETUF ESEARCH ( SEARCH TAEBLE)
11 BOTTOM @ DUP BROTTOM ! ( SAVE INDEX)
iz =+ BARODDEX & + Z@ BPAIR = i { SAVE barcd PAIR)
13
14
15 .8

237 LIST

@ { McCLELLAN SENSOR FRESSURE COMPENSATION ROUTINE 3/14/89)

1

2 : BCOMP.LOOKUR ¢ btemp, bare, cta —-— btemp, baroc FIND PAIRS )
3 BEOTTOM @ 1-— { COMPUTE # OF ROWS TO 1ist FRIR
4 BTEMPDEX @ @ " { START OF TRABELE HAS LEMNGTH 3

S DUR ¥R # { LENGTH OF ROWS * % OF ROWS )
& BTEOTTOM @ 1—- 2+ + { ADD INDEX TO POINT TO COLLEMMD
r + DUpP ( ADD mea TO POINT TO 1st PAIR OF INTEREST)
a8 2@ LEBCPAIR 2! { BAVE LOWER COMEENSATION FARIRR
9 Ry =+ ¢ INCREMENT TO THE NEXT ROW}
10 2@ UBCPAIR 2! g {( SAVE UPPER COMFENSATION FAIR)
11

12 .8

13
14

15

338 LIST

0 { McCLELLAN SENSOR ®RESSURE COMPENSATION ROUTINE 3/14/89)

1

= : BARD. INTERP ( btemp, barc —-— comp )

3 PR LBCRPAIR @ SWAF ( SAVE S,GET BClAl, btewmp FIRST )
4 BTPAIR @ - DUP 'R ( COMPUTE A-Al, SAVE CORY)

5 LBCPAIR 2& - { COMPUTE MClAu-MC1A1)

G BTPAIR 2@ - DUF R { COMPUTE Ru—-Al, SAVE CORY)

7 */ + DUP { FINAL ANSWER MC1)

B UBCPAIR DUE @ { GET MCufAl)

9 SWAP = ¢ COMPUTE MCuRAu-—-MCufl)

10 =i 2 ) *4 ( RETRV A-Al1 & Au—-Al COMP. MCyw)
113 SWAR - { COMPUTE MCu—MC1)

1z Ry BPAIR & - { COMPUTE § — &1 )

12 BFAIR 2@ = ( COMPUTE Su-=-5S1 )

14 */ + ( FINAL ANSWER, MC)

—
LA
[

¥ R N R L HERE S




3399 LIST

401

s
DWW ms MU G o D

WO W=D

10
11
12
13
14

15

§

n

LIST

e e e e
8- O R VS W = N B TR Y B R el

.
Ln

mollELL AN SENSOR

LS

VOLTAGE TO PRESSURE ROUTINE 3/14/89)

B/T.ADJUST ( == v1, w2 USE GAINS/OFFSET TABLE TO ADJUST )
VBTEMP @ GaD, ADJUST
VEARD & GE&O.ADJUST
0 VETEMR ! & VEARO !

+i ! it ny a —
DUF »R zi@

McCLELLAM SENSOR

BP.S5UME  { —--—

{ CORRECT TEMFR READING)
( CORRECT PRESSURE READING)
( CLEARR VARIABLES)

ADD n» TO CONTENTS OD DOUBLE AT a )
ROT M+ Ry 2!

FRESSURE TRANDUCER HANDLER ROUTINE 3/14/8%)

PERFORM SUMMING OF THE PRESSURE INPUTS )
B/T.ADJUST

SVYOLTS CSVOLTS @ #*/
BAROSUM +M!

SVOLTS CSVOLTS @ #/
BTEMPSUM +M! ;

CORRECT FOR OFFSET & BAIM )
MORMALIZE TO S VOLTS )

SUM TO GET AVERABE )
NORMALIZE TO 9 VOLTS )

{ McCLELLAN SENSOR VOLTAGE TO FPRESSURE ROUTINE 3/14/89)

-
-

AIR. PRESSURE
8l9z

{

COMPENSATE PRESSURE & SAVE )

ETEMP. LOOKUP

BARD. LOOKLUP

BAROCOMP @ ECOMP. LOOKUR
BRARO. INTERF

DUR 5500 14500 WITHIN

IF
ELSE
THEM

PRESSURE ! clear.status

k]

DROFP set.status

PLACE FLAG ON ST. )
FIND TEMP. INDEX )
FIND PRESSURE INDEX )
FIND COMF. FAIRS )
COMPENSATE FRESSURE )
GOOD RANGE 7 )

SAVE RESULTS )

NO, S0 SET BIT )

B T T

T ¥ ik al Fde LR dadeiaF el



402 LIST St

VML TLELLAN SENSOR  AIR FRESSURE DETERMINATION ROUTINE Z/14/89)

1

2 : COMPUTE.PRESSURE ¢ —— READ FREGUENCY EVERY 10 SECONDS )
= SECCNT & 2pup { COUNTER = 0 2

- IF 1= { NO, SO DECREMENT IT )

b ELSE 7 ( RESET COUNTER, & SECS )

& BAROSUM 2& z2pup BAROQTOT 2! { w#xxux REMOVE )

7 4 M+ 3 dn/ ¢ EIND AVERAGE OF &8 REALDINGS )
8 BEARDEAR ! { BAVE IT)

39 ETEMPSUM 2@E 2DUR BTEMPTOT = { #2xx REMOVE)

1 & M+ 3 dn/ ( SOME 3
11 ETEMPEAR !

1= O O BAROSUM &1 { CLEAR BUMS)
13 0 0 BTEMPSUM =1
14 AIR. PRESSURE { COMPENSATE PRESSURE )
S THEN SECCHNT S S { SAVE SECONDS COUNT )
403 LIST

0 { McCLELLAN SENSOR FRESSURE TRANDUCER HANDLER ROUTINE Z/14/89)
1

2 : PT.HANDLER ¢ IF ALL TESTS ARE 0K, CONVERT FREQR TO PRESSURE)
3 SENSORSTAT @ { FETCH STATUS TO TEST 3

& 236 AND NOT { NO A/D FAILURES 7

S FHASE C® PHASE? C! { *%xixsk REMOVE)

& IF PTINIT C@& { 1st pAsSs 7 )

7 IF BP.SUMS { CORRECT FOR OFFSET & GAINS )
a8 ELLSE 240 PTINIT o { SET FLAG )

= 2 VBTEME ! O VBARD ! ( CLEAR SAMFLES)
10 THEN

11 COMPUTE. PRESSURE { DETERMIMNE AIR FRESURE )

iz THEN 3 .85

13

14

15

404 LIST

0 ( McCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE &/20/87)

1

2 : ANGLE. LOOKUR ¢ —— theta LOOKUP BMNGLE FOR INDEXING)

s DIRECTION @ AMGLEDEX @ { GET theta & TRBLE)

&g SEARCH. SETUP HSEARCH ( SERRCH TABLE)

2 BOTTOM @ DUP ABOTTOM ! ( SAVE INDEX)

= 2% ANGLEDEX @ + 2@ APAIR &! i { SAVE theta FAIR )

Fi

B : MAG.LOOKUP ( theta —— theta, speed LOOKUFR SPEED FOR INDEXING)
9 SFEED & MAGDEX = { GET speed & TRBLE)
10 SEARCH. SETUFF BSEARCH { SEARCH TARBLE)

11 BOTTOM @ DUFP MEOTTOM | ( SAVE INDEX)

1z 2% MAGDEX @ + 2F MPRIR 2! 5 ( SAVE speed PAIR)

13

14



4usS LIST

406

Mmoo o

LIST

WD~y Lo

{

McCLELLANM SENSOR VELOCITY COMPENSATION ROUTINE &/20/87)

COMP. LOOKUP ( theta, speed, cta -- theta, speed FIND PAIRS }
MEOTTOM @ 1- { COMPUTE # OF ROWS ToO 1=t PAIR )
ANGLEDEX @ @ { START OF TABRLE HAS LENGTH 3

DUER »R = ( LENGTH OF ROWS = & OF ROWS )
AREOTTOM B 1— 2% + ( ADD INDEY TO FPOINT TO COLLUIMM)
+ DUp ADD mea TO POINT TO 1st PAIR OF INTEREST)

(
Z@ LMCRAIR 2! { SAVE LOWER COMFENSATION FAIRM
Ry + { INCREMENT TO THE NEXT ROW)
2@ UMCPAIR 2! ; { SAVE UPPER COMPENSATION PAIR)

McCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE &/20/87)

INTERP. INTERP ( theta, speed —--— comp )
'R LMCPAIR @ SWAF ( SAVE 5, GET MC1lAl, theta 1=t}
AFAIR @ — DUP >R ' ( COMPUTE A-Al, BSAVE COPY)
LMCFRIR 2@ - ( COMPUTE MClAu—-MC1A1)
APAIR 2@ = DUF »R ( COMPUTE Au-R1, SAVE CORY)
*/ + DUP ( FINAL ANSWER MCL1)
UMCPARIR DUP @ ( BET MCuRA1)}
SWAP = = { COMPUTE MCuRu—MCuAl)
2Ry EL * ¢ RETRV A—-Al & Au—Al COMPE. MCuw)
SWRR - ( COMPUTE MCu-mMC1)
R MPAIR B - ( COMPUTE § - &1 )
MPAIR Z@ - { COMPUTE Su-—-S1 }
g il - ( FINAL ANSWER, MC)

McCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE T/31/88)

UFDATE. SSECTARIL ( INCREMENT TAIL POINTER MODULD 5 )
SSECTAIL DUP CE 1+ S MOD

SWAP C!
SSECH. 5TORE ( woamp, ycomp —— STORE COMFPENSATED VALUES )
SDUR XComp 2! { CLEAR STACK FROM FOLAR. REC #%#®%%%®x)
X5S5SECQ { PLACE RUE ADDRESS ON STACK)
SSECTRIL CE 4 = { COMPUTE OFFSET TO TARIL)
DUP R + 2! { BAVE & ADD TO ADDRESS & STURE)

=DUP YComp 2!
YSSECQ R} + =! UPDATE. SSECTRIL ;



408 LIST

G ( VECTORIAL AVERAGE ROUTINE S/4/8E6)
1

2 DVEC.AVE ( &x, 2y —— Sresultant, R=0Cx#*x + w¥y]SQRT )

2 2YR DRES ZDUPR O

&4 ZR) DABS ZDUP Q% 0+ OSORT FAUSE 3 ( COMPUTE DOUELE ROOT)
=

& 1 VEC.AVE ( x, y — resultant, R=[xn#*x + y*yI15GRT )

7 DUF M* ROT DUR M# D+ SORT s

a8

b=

10 .8

11
12
12
14
15

4039 LIST

O { POLAR TO RECTANGULAR CONVERSION 9/26/8E)
1

2 : REC.POLAR ( 2x, 2y — )

3 2DUF 2)R Z5WAF ZDUP 2) R { SAVE X & ¥ )

& DVEC.AVE 2 0 D+ 4 m/ { COMPUTE MAGNITUDE)

r 2R} 4 M/ 2R) 4 M/ SWAP ATAN ( COMPUTE DIRECTIOM?

& DIRECTION ! SPEED ! ; { SAVE RESULTS )

7

8 ¢ POLAR.REC ( m, a —— 2y, &x )

9 ZDUP COS M* 1 T# 2048 T/ 2)R ( COMPUTE X )
10 SIN M# 1 T* 2048 T/ 2R H (. COMPUTE ¥ )

11

12 .5
13
14

15

410 LIST

o { MeCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE 7/31/86)
:

€ ¢+ INTERP.TC ( n —— n INTERFOLATE TEMFERATURE COMPENSATION)
3 BOTTOM @ 2% TEMPTAE + 2@ ( FETCH PAIR FROM TARLE)
4 ol A O e E & { SAVE PAIR, FIND X-Xi

3 2R} = &/ ( CX=HiICYi-Yi+11/Xi-¥i+1)

& BOTTOM @ -1 = { COMPUTE MINOR OFFSET)

7 1030 + + 3 ( ADD Y BASE & QUOTIENT)

a .

3 .5

16

11

12

i Ty




411 LIST - — e
ooy moZLELLAN SENSOR VELOCITY COMPENSATION ROUTINE 7/31/86)
1
= : TEMP.COMP ( ctheta, cspeed -- cspeed, ctheta TEMP. CcoOMe, )
o TEMPERATURE @ ¢ FETCH TEMP.)
iy TEMPTAE SEARCH. SETUR ( SETUP FOR TAELE SEARCH )
=] BESEARCH INTERF. TC { INTERFPOLATE CORRECTIOMN)
& DURF TEMPCO ! ( **x*#¥x FEMOVE )
7 1000 SWAP */ { COMPENSATE THE MAGMITUDE )
a DUP SPEEDLIMIT @ ( TEST FOR OUT DF RANBE)
3 IF 4036 set.status ( ¥YES,8ET FLAGB)
10 ELSE 40%2& clear.status ¢ NO, CLEAR STATUS)
11 THEMN SWAF ; { SETUFP FOR PFPOLRAR. REC )
12 .5
13
14
15
412 LIST

o
—

McCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE T/31/88)

1

2 : DENSITY.COMP { ctheta —-— ctheta, cspeed DENSITY COMP. MAG. )
3 DUP CTHETA ! { #%%%% TEST SUPFORT

iy SPEED @ MCOMP B -

= FRESREF @ PRESSURE @ =/ { DENSITY COMPENSATE )
& 3

7T 8

a

)

10

11

12

13
14

15

415 LIST

O ( McCLELLAN SENSOR VELOCITY COMPENSATION ROUTINE T/AZ1/86)
1

2 : 385uUM.LooP ¢ 11, 12 —— d FRODUCE SuUM OF S5 1 BEC VALUES)
= OO I 2@ D+ 4

4 +LO0OP 3

3

& : SCALE.DOWM ( d — v ROUNDED SCALING )

7 DUF Of IF -2 —1 ELSE 20 O THEN D+ 40 m/ 1

8

= -5

10




414 LIST

O « M_TLELL AN SENSOFR VELOCITY COMPENSATION ROUTINE 7/=21s8E)

1

2 1 SS5EC.AVE ¢ PRODUCE suUM OF 5 1 SER A& Y VALUES )

3 [ { BETUP STACK)

4 X55ECR 20 SET ( SET LOOP LIMITS 3

5 SSUM. LOogp { SUM THE GUE VALUES )

(=3 SCALE. DOWN

F XBAR ! 0 0 { STORE X COORDINATE )

8 YSSECQ 20 SET { DO THE SAME FOR ¥ )

9 SSUM. LOoop

10 SCALE. DOWN
11 YBAR ! g - { BTORE ¥ COORDINATE )
1z .8
13
14
15

415 LIST

0 { McCLELLAN SENSOR ELEMENT POWER ROUTINE T/ES/8T)

1

2 : MAG.COMP ¢ MAGNITUDE COMRPENSATION )

3 ANGLE. LOOKUFP MAG. LOOKUP ¢ SET TARLE INDICES)

& MAGCOMP ® COMP. LOOKUE ¢ LOOKUFR COMP. VALUES)

=] INTERP. INTERP MCOMP ! 7 ( INTERPOLATE & COMPENSATE)
23

7 2 ANGLE.COMP ( — ctheta ANGLE COMPENSATE theta )

a8 ANGLECOMP @ COmMP. LOOEUE { LOOKUP COMP. VALUES )
3 DIRECTION ® DUP SPEED @ { SETUR STACcK)
10 INTERP. INTERF — DUFP ¢ { INTERP., O POLE WRAP 7 )
11 IF 16384 + { YES, WRAF IT TO 380 3
12 ELBE DupP 1£384 3 { TEST FOR + WRAP AROUND )
i3 IF 16384 =
14 THERN

15 THEN 3§ .5

416 LIST

O { McCLELLAN SENSOR ELEMENT FOWER ROUTINE 2/25/87)

1

2 : S5UM.LOoP ¢ 11, 12— g FRODUCE 1 SEC UNCOMEENSATED VELDSITIES)
3 DO I & M+ 2 ( FETCH VALUES & ADD)

iy +LO0OF ;

S

& : SUM.QUARTERS ( SUM RAW X & ¥ VALUES )

7 0 O XRAWD 8 SET SUM.LOOP ¢ SUM X VALUES 1}

8 iunCoOmp =1 { SAVE RESULT)

= O O YRAWG 8 SET SUM.LDOFP ¢ Sum ¥ VALUES)

10 YUNCOMP 2! { SAVE RESULT)

11

12 .5



17 LIST

418

419

{ McCLELLAN SENSOR  VELOCITY COMPENSATION ROUTINE TAE1/7BE)

= UELGEITY_EDN? { —— PRODULCE COMPENSOTED VELOSITIES)

3 PO opE (| $EAEXEE R xR X REMOVE % %)

L4 1 DACFLAG C! SUM. QUARTERS ( FIND 1 SEC waLUES)

o AUNCOMF 2@ YUNCOME 2@ REC. POLAR

& MAG. COMP  PAUSE ( COMFPENSATE MABMITUDE )

7 AMNGLE. COMP PALUSE { COMFPENSATE ANGLE)

=] DENSITY. COMP ( COMPENSATE FOR DENSITY)

9 TEMP. COMP POLAR. REC ( COMPENSATE FOR TEME. )

10 SBECD. BTORE SSELC. AVE { PRODUCE 5 SEC AYERAGE)
11 HERT. 2&0 ( DUTY CYCLE THE HERTER )

2 FRUSE PT. HANDLER { PRESEURE SEMSOR HANDLER )
13 Fo. opd ( #EREXAFEARER REMOVE ###xx)

14 3 { PRODUCE 5 SEC AVERAGE )
13 B
LIST

0 ( McCLELLAN SENSOR ELEMENT FOWER ROUTINE 2/25/87)

1

= CODE UM/ { dy u —— g PERFORMS UNSIGNED DIVISION & RETURNS SING)

3 W POP 2 POP O POP W DIV O FPUSH NEXT
i
S CODE DE2/RWND ( d —— d/2 DIVIDES DOUBLE BY = RETURN ROUNDED SING)
& 1 POF O POP 1 # o ADD O % 1 ADC
Fi 1 54R 0 RCR O FUSH NEXT
=]

9 : CLR.RESET ( CK IF RESET TIMER IS5 O TO CLEAR AMY RESET ERROR )
10 RESETIMER @ ?2DUP { TIMER STILL RUNMNING 7)
11 IF 1- DUF RESETIMER ! 0= { DECREMENT TIMER, = a7}
12 IF O RESETCTR C! { CLR # OF STRARTUPS )
i3 16 plear.status { CLR AMNY RESET ERRROR )
14 THEN
15 THEN ; .S
LIST

0 { McCLELLAN SENSOR ELEMENT POWER ROUTINE e/l2TS/87)

1

Z : ELEMENT.FOWER {( == COMPUTE ELEMENT FOWER !

3 &4 0 ( DO ALL FOUR ELEMENTS

s DO ELEMENTS I 2+ + @ { RETURN DIGITIZED VOLTAGE)

5 G&0. ADJUST { ADJUST FOR A/D GAIN & 0.5.}

& =% DUP M+ ( DOUBLE. IT & SQURARE IT)

7 RESISTANCE I 4 # + 2@ ( RETRIEVE RESISTRAMCE)

=} 2/ RMD ({ DIVIDE BY &)

= DUP ¥R © DES/RBMND M+ { SAYE DIVISOR, FRE-ROWLIMD)

10 Ry UM/ ELEMENTROWER
11 I 24 4+ ! { SAVE RESULTS, DROP REMMNDR)
1= LOOR 3
1& .8
14

[

L s
T



20 LIST

0 { McCLELLAN SENSOR ELEMENT FPOWER DIFFERENCE ROUTINE c/2n/87)
1

< : POWER.DIFF COMPUTE FOWER DIFFEREMCE BETWEEM ELEMENT PRIRS)
= ELEMENTPOWER DuUE { PLACE ADDRESS OM STARCH)
% =& SWAP - XPOWER { COMPUTE X+ — %-— )

i) 4 + ZB Sap - YHOWER ool { COMPUTE v+ — v— p]

&

7 : POWER.SUM { a —= ¥p COMEUTE POWER SUMS OF ELEMENT PAIRES)

= ZE Zpup { PLACE AxIS PAIR ON STACK)

3 + ROT ROT { { COMPUTE SUM, X+ ( ¥— T )
1) IF NEGATE { CORRECT SIGN )
11 THEN ;
1=

13 : '.RAW ¢ ™ a —= ETORE n IN OUE aT a
14 RAWTAIL C& 2% + !
15 .8
421 LIST

0 { MeCLELLAN SENSOR FAW UELBEIT? ROUT INE TS31/7868)

1

2 : INTERF. RAW " a8 — PULL ¥ & ¥ PAIRS FORM TRELE @ a & INTERE)
3 DUF R { BRAVE ADDRESS)

& BOTTOM & 2% + { EALCULATE tablelbottoml)

] DUP YR @ - { SAVE ADDRESS, COMPUTE X—Xi )

& I 2@ -— { FETCH & COMPUTE Xi+1 - i

7 R Ry @ + 4 + { COMPUTE ADDRESS OF CO-TABLE)

8 DUF ¥R 2@ -— ( FETCH & COMPUTE ¥Yitl - ¥Yi)

3 SWARP &/ (. Iy = CX=XiJLYi+1-Yil/[Xi+1-Xil)
i0 Ry @ «+ 3 Y =¥i + 1Y )
11

12 : X.RAW RX == vxraw INTERFOLATE VELOCITY FROM X POWERS 3
13 FDX & SEARCH. SETUR ( SET UP FOR BINARY SEARCH)
14 BESEARCH { SEARCH FD¥X )
15 FDX @ INTERD. RAW - ( INTERPOLATE) .8
422 LIST

G { McCLELLAM SENSOR RAW VELOCITY ROUTIME 7/31/88)

1

2 : Y.RAW ¢ pdy =— wvxraw INTERPOLBTE YELOCITY FROM ¥ POWERS )
3 PDY @ SEARCH. SETUR ¢ SET UP FOR BIMNARY SEARCH)
& BSEARCH POY @ INTERP.RAW : ( SEQRCH & INTERPOLATE)

o

& : UPDATE. RAWTAIL ( INCREMENT TRAIL PDINTER MOD 4 )

Iri RAWTAIL DUP CeE 1+ 4 BAND swap ! =

8

2 : RAIN.? { vraw, a —— vraw, a CHECH FOR RAIN SPIKES )

10 DUP 3R RAWTAIL CE =% + i= { GET LAST wvraw )

11 OVER - AEg RATMLIMIT 3 { CURRENT - LAST )

1= IF 27 oug I oA { IF OVER LIMIT )

13 SET SuUM. LOOR ROT M+ S ms i AVERAGE ALL )

14 THEN R) : .5
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LIST

WDo=lmw b LMo

EIST

T )
(R S V= S I o o - Y T S

{ MeCLELLAN SENSOR RAW VELOCITY ROUTINE 7/31/86) =

{

RS e S ™ o P T

SINS0R SYSTEM ELEMENT DRIVER SELF-TEST ROUTINE F/QE/87

TEST.ELEMENTS ( ELEMENT DRIVER TEST

S12 4 O { SET MASK VALUE & Loogp LIMITS}
DO ELEMENTS 1 &% + @ { CHECK VOLTAGE on ERCH )
LOO0 16000 WITHIN
LOOFR ANMD AND AND { AND RESULTS )
IF clear.status ( CLERR STATUS IF OK )
8 ELECTR £ i CLEAR COUNT )
ELSE ELECTR DUP C®m ¢ CH COUNT 3}
1+ 18 MIN DUF ROT C! 18 =
IF set.status i BET STATUS IF FAILED)
ELSE DROP
THEN
THEN ;

S5UM. YPOWERS? { ¥vraw —— yvraw FOWER SUM SCALING)

DUP ABE YLOLIMIT @ } { REOVE LO LIMIT 9 )
IF ¥5FLAG Ci { BCALING FLAG SET 7)
IF DUP ABS YHILIMIT @ ) { ABOVE HI LIMIT ? )

IF DROF ELEMENTFPDWER 2+ POWER.SUM ( SUM YPOWERS)

Y.RAW YSCALE @ 1E384 %/ ( SCOLE VELOCITY 3
THEM
ELSE DURP ELEMENTRFOWER &+ POWER. SUM ( SUM YPOWER 3
Y. RAW 1€£384 SWAEP »/ YSCALE ! { COMPUTE ScALE)
1 ¥5FLAG C! ( SET SCALE FL&)
THEN
ELSE O YSFLAG C! { BELOW LIMIT, CLR FLG)

THEN 3 .8

McCLELLAN SENSOR RAW VELOCITY ROUTINE T/321/863

SUM. XPOWERS? { Hvraw —— wvraw FOWER SUM SCALIMNG)
DUP ABS XLOLIMIT = ) ¢ ABOVE LO LIMIT 2
IF XSFLAG C@ { SCALING FLAG SET 7 )
IF DUF ABS XHILIMIT & 3 { ABOVE HI LIMIT 2 )
IF DROFP ELEMENTPOWER FOWER.SUM ¢ SUM XPOWERS)
X.RAW XSCALE ®@ 1&e3p4 =/ { BCALE VELDOCITY)
THEM
ELSE DUP ELEMENTFOWER POWER.SUM  SUM XPOWERS )
X.RAW 16384 SWAPR #*/ XSCALE | ( COMPUTE SCALE 3
1 X5FLAG C! { BET SCALE FLAG)
THEN
ELSE © XSFLAG C! ( BELOW LIMIT, CLR FLB}
THEN ; .5

e 2 fapt e e s T

ipard e



426 LIST

Bk b ek i e
¢“L~JFI.I-—-:-LE‘D:|~JEI‘1:_I]pL.JrL'..-..

,_.
L

L

Mo—_ELLAN SENSOR  RAW VELOCITY ROUTINE 7/31786)

RAW_VELOCITY ( COMPUTE RAW VELCITIES EVERY QUARRTER SECOMD)

TEST. ELEMENTS ( CHECHK DRIVERS)
ELEMENT. FOWER FOWER. DIFF { COMPUTE POWERS )
APOWER @ X.RAW ¢ SUM. XPOWERS? ( COMPUTE £ RAWS
XRAWD  RAIN.? !, RAW { STORE RESULTS)
YPOWER @ Y.RAW ¢ SUM. YPOWERS? ( COMPUTE v RAWS
YRAWR RAIN.? !, RAW UFPDATE. RABWTARIL UFDATE DUES)

ELEMENTS HOLDEUF 36 CMove { MOVE DATA VALUES)

1 PRINTFLAG C! ; ( ENABLE FRINT ROUTINE)

-5

427 LIST

L T O T o R Y I

-
L]

11
13
14
15

428 LIST

Wm~ M E W= o

{

-
l

{

McCLELLAN SENSOR  RAW VELOCITY ROUTINE S/14/,89)

1ST.RAW ( COMPUTE FIRST RAW VELCITIES)
ELEMENT. POWER FOWER.DIFF ( COMPUTE POWERS )

APOWER @ X.RAW { COMPUTE X RAWS )
XRAWE . RAW ( STORE RESULTS})
YPOWER & Y. RAW { COMPUTE ¥ RAWS )
YRAWD 1. RAW ; { STORE RESULTS )

MeCLELLAN SENSOR DATA PROCESSING TASK 7/28/86)
PROCESSING ( DETERMINE STATE OF 8 PHRSE 1/4 SECOND COUNTER )
BEGIN PAUSE FROCESSFLAG Ci@
UNTIL © FROCESSFLAG C! 15T. RAW { INITIALIZE RAWDS )

BEGIN PROCESSFLAG Ci@ { START FROCESSING 7 )

IF O PROCESSFLAG &

RAW_VELOCITY PAUSE ( PROCESS RAW SPEED )
PHASE C&® DUP PHASE? C! = AND DUP 0= ( PHASE COUNT = O OR 4 ?)
IF DROP VELOCITY_COMPE PAUSE { PETER TRUE VELOCITY]
ELEE = = { PHRSE = 5 OR 7 7}
IF BET_ELEMENT_TEME FAUSE ( BET ELEMENTS OVERHEAT )
THEMN
THEN CLR. RESET { CK IF TIME TO CLR RESET}

THEN PAUSE
AGAIN =




432 LIST

O ( McCLELLAMN BUILT IN TEST STATUS ROUTIMES 1/15/87)
1

& HEX

2 CODE clear.status {m — use mask to clear status bits)
4 1 FPOR { bit test mask)

5 EENSORSTAT # W MoV { load address )

& 2 Wl 1 TEBT 0= ( if acknowledge bit is clear )
Fd IF FFFF # 1 XDR ( form mask)

8 I W) AND { clear flag in status word)
9 THEM NEXT

10

11 %8

12

13

14

15

433 LIST

0 ( McCLELLAN BUILT IN TEST STATUS ROUTINES 1/15787)

: 5

2 HEX

2 CODE set.status ( m —— use mask m to set bit in status)

4 1 PORP ( bit test mask)

S SENSORSTAT # W MOV ( load address)

& W }y 1 TEST 0= { is status bit clear )

4 IF 1 W} OR { set status bit )

8 1 2 W) 0OR { set ackrnowledge bit )

3 THEN NEXT
10 DECIMAL
11 : NMI.OFF? ( =— f RETURN TRUE FLAG IF COUNT IS OVER LIMIT)
1= 2 NMICHHECNT @ 2500 ) ( COUNT OVERLIMIT 7 )
13 IF NOT ¢ YES5; RETURN TRUE )
14 ELEE 1 NMICHKCNT +! { INCREMENT COUNT
15 THEN ; .5

434 LIST

0 { SENSOR SYSTEM SELF-TEST ROUTINE 2/FEB/BT )

1

= HEX

S CODE micro.test ( — n, TESTS MICROPROCESSOR OPERATIONS )

1 9905 # O MOV o 1 mov ¢ CX = AX = 5555
5 AARRA # 2 MOV & O ADD € { AX = FFFF 7 }
& IF 1 @ X¥DR 0 SHR { AX = 5555 )

T THENM & 1 SUE o= { CX =0 7 )

a IF 2 S8HL 2 ¢ sue L.Cx =1 §

2 THEMN 1 © OR © PUSH ({ CX =1 1}
10 MEXT
11

1=

13 .5

HE - o et ol



435 LIST

O [ SEMEOR SYSTEM SELF-TEST ROUTINE S/FEB/BT )

1

= CODE hit.dog ( PULSES WRATCHDOG TIMER TO AVOID MICRO RESET

3 LASTDAC ¢ MOV B { use last dac value)

4 watchdog OUT MEXT

]

& : @ VERRDOR ( —— iy RETURNS v TIMES YOLT TEST FAILED )

7 VERROR DUF CE 1+ 2 MIN DUP ROT Erl- 3

=]

9 : TEST.uF { PERFORMS SYSTEM . BoAR MICROFROCESSOR TEST )
1k 1 micro,test 1 = ( wPROC. OKAY 7 )
11 IF clear.status { FLAG TEST FASSED )

2 ELSE set.status ¢ FLAG TEST FARAILED )

k! THEN hit.dog PAUSE ;
14 .5
1%

Lot LIST

@ { SENSOR SYSTEM SELF-TEST ROUTINE 2/FER/ET ) -
1

2 HEX

3 CORE yam.test ( g —— ¥y TEST SYSTEM RAM FOR WRITE & READ ERRORS)
& O # 2 MOV 8 # 1 mov W POp ({ CK 8 BYTES ELOCK )
a BEBIN CLI W)y 0o mMOv E { SAVE RAM BYTE CONTEMNT )
& oo BB W ) mOw ¢ WRITE 55" PATTERN )
7 O3 #EB W ) CHME o= ( *35" POTTERMN DE 7 3
8 IF AR #B W ) mov ( WRITE *@ar FATTERM )
3 A #B W ) CMP 0= NOT ( AR FATTERN BAD T
10 IF 2 INC THEN ( FLAG RAM ERROR )
11 ELSE 2 ITNE { FLAG RAM ERROR
12 THEN O W )} MOV B ( RESTORE RAM CONTENT }
13 W INC 871 { POINT TD MNEXT BYTE 2
14 LOOP 2 PUSH NEXT
15 .5

437 LIST

0 { SENSOR SYSTEM SELF-TEST ROUTINE Z/FEB/RT )

1 HEX

2 : TEST.RAM ( PERFORMS SYSTEM &K RAM WRITE/READ TEST )

3 O RAMFLAG C1 ( CLEAR TEST FLAG 3

4 4 0 BOO O { SETUF POINTERS )

5 DO BEGIN PAUSE hit.dog

& RAMFLAG C@= { START TEST 7 }

7 MMI.OFF? OR ¢ MO MNMI?s 2 )

a UNTIL © RAMFLAG C! ( CLERR TEST FLAG )

3 I vam. test DUE ¢ ANY BYTE FRILED 7 3
10 IF LEAVE { STOP TEST )

11 THEMN + hit.dog FPAUSE A ( SET TO NEXT 8 BYTES)
1z +L0OOop { RESULT ON STACK TOPR )
13 IF set.status ( FLAG TEST FARILED )

14 ELSE clear.status { FLAG TEST PASSED 3

&

THEN hit.dog PAUSE ; .5



438 LIST I
0§ =XFHS0R SYSTEM SeLF—TEST ROUTINE =/FEB/BT )
1
& HEX
2 CODE ram.test ( mn g —— i, RETURNS SUMMATION OF & RBRYTES
& LOCATED AT EFPROM ADDRESS a )
= I WMDY I POPF = pop ( T POINTS TO a 3
=% G 0 8SUE B8 # 1 mOv { SETUP FOR &8 BYTES)
7 BEGIN LODS B 0 & ADD { BET BYTE AND ADD )
a LOORP W I MOV & PUSH NEXT { RETURMN RESULT )
39
10 CODE check.power ( —— ¥ USED TO CHECK POWER SURBLY FLAG, PFOIL%)
11 O 0 SUB ad/ecsr O MOV B ( CLEAR O, READ REGISTER)
12 80 #B 0O AND ( SAVE ONLY mMsSE)
i3 0 PUSH NEXT { RETURM RESULTS)
14 .8
5]
439 LIST
0 ( SENSOR SYSTEM SELF-TEST ROUTINE =/FEB/87 )
1
& HEX
S t TEST.ROM ( PERFORMS SYSTEM 16K EPROM CHECKSUM TEST )
4 2 O FFFa Ccooog { SETUP FPOINTERS 3
5 DO I rom.test { ADD 8 EBEYTES BLOCK )
& hit.dog FAUSE B ( SETUP FOR MEXT BLOCK)
7 +LO0OP FFFE & = ( SUM = EPROM CKSUM 2 )
a IF clear.status {( FLAG TEST PRASSED )
9 o opl { #®%% REMOVE LATER #*#% )
10 ELSE =et.status ( FLAG TEST FAILED )
11 THEN hit.dog PAUSE
1z
13
14 .5
15
440 LIST
o { SENBOR SYSTEM SELF-TEST ROUTINE S/24/87 )
1
2 CODE read.timer { =— n, n read 8254 to see if its cparating)
3 CLI { disable irtetrrupts )
4 00 #B chkeosr MOV { latch ced )
5 cel 1 MOV E { read lsbyte )
= ced O MOV B { read msbyte )
7 01 HI MOV B 1 PUSH { combire )
8 48 # 1 Moy { setup loop )
3 BEGIN LOOP { wait )
10 GO #EB chkeosr MOV i latch ced )
11 cel 1 MOV E { read lsbyte 1}
12 cel O MOV B { read msbyte )
13 0 1 HI MOV B { combine }
14 STI 1 PUSH MNEXT { enable interrupts )

1528



441 LIST e )

O U LEmenR SYSTEM SELF-TEST ROUTINE 352487 )

1 ;

2 : TEST.COUNTER { PERFOR#M TEST an COUNTER 3

iC 0 RAMFLAG O { CLERAR SYNC FLAG )

4 BEGIN PAUSE hit.deg

5 RAMFILLAG C@ { SYNC WITH MMI 7 3

& MMI.OFE? OR { MO MMITs 7 ]

7 UNTIL 32 vead.timer { READ TIMER TWICE ]

=) 2DUFR U< moT { CTR HRSN'T CROSSED 0 = 3
3 IF = = & WITHINMN { WITHIN RANGE 7

10 NMI.OFF? MNOT AND ( NO MMITs 7 )
11 IF eclear.status { CLEAR CTR ERROR )

1z ELSE set.status ( FLAG COUNTER ERROR)
13 THEN
14 ELSE &DROP DROP { DROFP TIMER #= & MAsH)
15 THEM hit.dog PAUSE g B
442 LIST

& { McCLELLAN = SENBOR FOWER SURBLY RANGE TEST 7/28788)

1

2 : TEST.SUPPLIES { —— TEST VOLTAGE RANGE FOR % TOLERANCE )

3 1304 ( ERROR BIT MASK)

& chech. power { READ sSTATUS FLAG} ;
2 IF clear.status { CLEAR PWR SUPFLY ERR)
= O VERROR ! { CLEAR ERROR COUNT)

7 ELSE ®.VERROR 2 = { CHECK ERROR COUNT)

a8 IF set.status ( FLAG FWR SUFFLY ERR )
= ELSE DROP ¢ DROP MASK)
10 THEN
11 THEM h.it.l:lclg PREUSE i i

Ie
135
14
15
443 LIST

0 { SENSDR SYSTEmM SELF-TEST ROUTINE 2/FEB/B7 )

1

2 : TEST.SYSTEM { TESTS SYSTEM EPROM, RAM, AND MICROFROCESSOR )

3 BEGIN hit.dog PRUSE { PULSE WATCHDOG )

& TEST. RAOM { CHECH 1&K EFROM CKSUM )

= TEST. COUNTER ( CHECHK B2&4 TIMER )

& TEET. SUPPLIES ( CHECK POWER SUPPLIES)

7 TEST. RAM { CHECK BK RomM

a8 TEST. up { CHECHK B80As8 MICROPROCESRH )
3 AGAIN ;

10

11

12

13

14
15




450 LIST

0 { OFERATOR VECTORED TERMIMNAL ROUTINES S/ MAY /8T )
1

2 HEX

< CODE clr.uart ¢ CLEARS USR & RER OF MICROBD'S UART )

& commiost O MOV B commstr O pOv B NEXT

5

& CODE mow! ( v —— FROGRAMS UART MCR WITH w )

7 g PORF O comm/mcr MOV E MEXT

a8

9 CODE int#3 ( r —- ASSEMELES INTERRURPT w )

(AP
ke

3 INT NEXT

._
I

[
L1

(EXPECT) clr.uart 25 mor' STOR -

7
14

| -
=

431 LIST

& ( TEST CODE ROUTIMES) HEX

1

2 = (PAGE) oc ( FEY EMIT H

2 : (CR) OD EMIT ;

4 + LF OD EMIT OAR EMIT ;

=]

& : (TYPE) clr.uart 25 mor! { SETUFP TO ¥MIT)

7 FTR @ C@& commStr ! { DUTPUT FIRST CHARRACTER)
8 1 PTR +! CTR & 1- CTR ! STOP H i UFDATE PTR & CTR)
3

10
11

12
13

14

15

452 LIST

0 ( SEMSOR INTER-ASSY COMMUNICATION TASK ROUTINE )

1

= : (TYPE) ( INTER-ASSY VECTOR TYFE ROUTIME }

b PTR 2 C@ 1 PTR +! { GET FIRST CHARBCTER
& CTR @ 41— CTR ! { DECREMENT CTR )

o) commsty C! STOR 3 { O/P CHAR )

&

7 : (EXPECTY ( INTER-ASSY WECTOR EXPECT BOUTIMNE 3

2} STOP ;

3

1

11 5

o
ma

i
L

1&

=
15




#3533 LIST

O { SEMSOR INTER-AQSSY COMMUNICATION TASK ROUTINE 3

1

4 .5

i

s

a8

9

1k

11
iz
13
14
15

454 LIST

1 SENSOR INTER-QsSsY COMMUNICATION TASK ROUTINE 3

1

2 CODE mer! ( n —— PROGRAMS B252 MCR REGISTER WITH n )

e O POP 0 comm/mor MOV B NEXT

% :

S CODE ecarv? ( —— . RETURNS STATUS OF CARRIER ON DSR INPUT )
& comm/msr O MOV B 2 # O AND ( GET DSR SETATUS

T 2 #B O XOR ©O pPUsSH NEXT i INVERT, TRUE = CARRIER)
B8

3
14
11 .5
12
13
145
15

455 LIST

0 ( SENSOR INTER-ASSY COMMUNICATION TASE ROUTINE H

1

2 HEX

Z : CARR.ON ( TURNS On MODEM CARRIER IF NO LINE ACTIVITY

L BEGIN PAUSE carr? 0= ¢ NODOCD 2 )

L UNTIL 25 mer! 3 0 { TURM CARRIER 0OM 3
E ED FF PRD I + Ci { SEND 35 CHARS TDO AaWAaIT)
7 LOOF PAD = TYPE 3 { CARRIER TURNOMN DELAY
a8

3 : CARR.OFF ( TURNS MODEM CARRIER OFF
10 24 mer! ( TURMN CARRIER OFF
11 BEGIN FPAUSE carr? 0= { NO ED 2 )

2 UNTIL &4 mcr! ; { ENAELE CD INTER. )



456 LIST et

o

{ SEME0R INTER-ASSY COMMUNICATION TASK ROUTINE

1

2 3 TEST.XAMIT ( TESTS XMITTER EBY LOOPBACK CHAR )

& &4 CHARBUFF Cr { BET LOOFPBACK CHAR
4 16 = ( IS IT *DLE' CHAR 7 )
5 IF clear.=status ¢ FLAG NOQ XMIT ERR 3

= 0 UARTERR C! { CLEAR ERROR CTE 3

Wl ELLSE UARTERR Ci@ 1+ ( INC. ERRGR CTR )

8 3 MIN DUp ( NO MORE THAN 3 3

3 LARTERR C! 3 = { ERRORS = 3 2 3
10 IF set.status { FLAG XMIT ERROR )
11 ELSE rclear.status { FLAG NO XMIT ERR }
12 THEN
12 THEN @ CHAREBUFF ! H

14

158

457 LIST

O { SENSOR INTER-ASSY COMMUNICATION TASK ROUTIME )

1

= HEX

2 CODE ere-16 ( n a —— bec, RETURNS CRC-16 EBCC EOR n CHARS AT a
4 WFOFP O # 0 MOV o # 2 MOV

= BEGIN W ) 2 MOV B 2 pPUSH B # 1 MOV

& BEGIN 2 POP 2 PUSH O 2 XOR 1 # 2 GgND 0=

7 IF 0O SHR

a8 ELSE & SHR O RCR 2001 # O XOR

] THEM 2 POFP 2 SHR B & PUSH

10 LOOFP 2 FOP W INC 2 FPOFP 2 DEC 2 PUSH o=
i1 UNTIL 2 FOP O PUSH NEXT { RETURN CRC-16 EBCC )
1=
13
14 .5

e

458 LIST

0 { SEMS0OR INTER—ASSY COMMUNICATION TASK ROUTINE )

1

& : COMM. XMIT ¢ a —— TRANSMITS POLL/REFOLL RESPONSE )

& CARR. OM { TURM CARRIER OM

& COMMBUFF 1+ - { # OF CHARS TO SEND )

2 DUF 22— CHRARRCHNT LC? { BAVE #—Z FOR LOOFEACK TEST 3
& = O

7 DO COMMBUFF 1+

B OVER TYPFE { SEND RESPONMSE )

9 LOOF DROP TEST. XMIT { TEST X¥MIT LOOPERCHK )
10 CARR. OFF ; { TURN CARRIER OFF 1}
11

i2 : 'CHAR { a © -— a+1, STORES CHAR c AT a )

132 DVERSEL 1+ ;

14 : VAR { a v — a+2, STORES VARIABLE + AT a )

et
LA

OVER ! &+ § .95



L

459 LIST c —
0 4 SZNSOR INTER-ASSY COMMUNICATION TAaSK ROUTINE )
1
2 1 BEMD. REFORT { BEND REPORT 0OF ENTRMNAL VALUES & S/NBYS)
= CARAR.ON TABLES 7 TYPE { SEND S/N #'s)
i COMMBUFF 1+ 1 CHAR
S 2 !CHAR 3 'cCHAR { FORM 1, 2, 3 LEADER)
= ELEMENTS 12 SgT ( MOVE DATA TO COMMEUFE)
7 0O I @ 'yaRr 2
a +LOOR FRESSURE @® 'VAR  SPURCNT @ VAR
9 SENSORSTAT = 'MAR  NMICHMCNT @ 'Var
10 BTEMFEAR @ 2 n/ 'VAR ELEMENTFOWER & SET ¢ MOVYE MORE )
11 DO I & 'yaRr 2
iz +HLOOF 13 'CHAR 10 !CHAR ¢ FAKE CRC-1& = CR, LF)
13 COMMEBUFF 1+ — COMMBUEE 1+ { COMPUTE CHARACTER COuUNT 3
14 SWAP TYPE CARR.OFF A ( SEND MESSAGE}
15
SEG LIST
0 ( SENSOR INTER-QSSY COMMUNICATION TASK ROUTINMNE )
1
2 : STORE.DRTA { a =-— 4, STORES X,Y, & STATUS INTO COMMBUFF )
3 20
& DO POLLTEMP I 2% + @ { GET DATG FROM TEME BUFF )
i 2568 /MOD SWAR ( SBPLIT INTO MSE & LSE ]
& ROT & «Q
7 DO OVER 'CHAR ( STORE DAaTA CHAR )
a SHAR 18 = ( DATA = DLE CHAR 2 )
3 IF 1& 'CHAR { STORE DLE AGAIN )
10 THERN
11 LODF PAUSE
1z LOOR ;
13 .5
14
1.3
461 LIST
0 { SENSOR INTER-Q[ESSY COMMUNICATION TASK ROUTINE )
1
2 ¥ RESPUXMIT ¢ pn == TRAMSMITS RESFONSE WITH OFPCODE w )
2 COMMBEUFF 1+ 1& !CHOR { STORE DLE CHRR )
4 2 'CHAR ( STORE STX CHAR )
=] SWARF !CHAR ( STORE OFCODE
& POLLCNT C&E 'CHAR { STORE POLL COUNT
T STERE. DATA ( STORE X,%, & STATUS )
a 16 !'CHABR 2 'CHAR { STORE DLE & ETX CHBRS }
9 DUP COMMBUFF 3 + — ( # OF CHARS FOR CRC—-1& )
10 COMMEUFF 2 + cre—16 { CALCULATE CRC—1& )
11 BVER ! 2+ { BTORE CRC—-1&6 CHSUM )
k2 255 'CHAR { STORE PRD CHAER )
13 COrMM. XMIT { SBEND RESPONSE 1}
14
I'S WG



462 LIST

o { SEMSOR INTER-QESY COMMUNICATION TOSK ROUTINE 3

1

Z : PDLL.RES { & & —— o, GETS MNEW X,Y¥, & STATUS VALUE FOR RESF )
L a2+ {( FORMAT OFCODE }

G SWAF 1+ C@ pOoLLCNT O { GET & SAVE COLL 4#
5 ABAR @ POLLTEME . { BET & SAVE X VALUE
& YBAR @ POLLTEME 2+ ( BET & SAVE ¥ VALUE )
7 SEMBORSTAT @ { BET STATUS )

& FOLLTEMP 4 + 1 ( SAVE STATUS )

9 0 SENSORSTAT 2+ ! ; { ACHNOWLEDGE STATUS )
10

11 .85
1z
13
14
15
463 LIST

0 ( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE 3

1

& : REPOLL.RES ({ a o -—-— o, FORMATS REPOLL RESPONSE )

%] 2+ { FORMAT OPCODE )

iy SWAR i+ Ci= (. BET RER@. POLL #

S POLLCNT CE = NOT ( MOT SAME AS LAST # 7 )
& IF 2— STEPTR @ 1+ { MEVER SAlW ORG. POLL 3
7 SWAP FOLL. RES ( GET NEW DATA FOR RESE )
a THEN

9
10
11
1z
13
14 .8
15

44 LIST

0O ( BENSOR IMTER-ASSY COMMUNICATION TASK ROUTINE )

1

2 : REEROND ( FORMATS & SENDS POLL/REFOLL RESEONSE )

3 STXPTR 1= i+ DUP CE DUR ({ GET OFCAODE )

& 2 AND 2 = { REPOLL REQUEST 7 3

o IF REPOLL.RES { FORMAT REFOLL RESFONSE 3
& ELSE FPOLL.RES ( FORMAT POLL RESFONSE )

i THEN RESP.XMIT ; { TRANSMIT RESFONSE )

B

9 : SEND.S/MW ( SEND SERIAL MNUMEERS )

10 CARR.OM TRARELES &4 TYRE ( TYPE NUMBERS )

11 CARR. OFF ;

12 .85



465 LIST

2 ( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE

| HEX
€ ¢ POLL,REG? ( —- F, CHECKS IF FOLL/REPOLL REQUEST )

3 STXPTR & 1+ C@ DUP { GET OFCODE )

4 20 AND 10 / CONFIG C® 3 AND =  ( SAME SENSOR & 7 )

= IF DUP 7 AND DUR 1 = ( FOLL OR )

& SWAD 2 = OR NOT ( REPOLL 7 )

7 IF OF AND DUp 7 = { REPORT COMMAND 7 )
8 IF DROF SEND. REPORT { YES, SEND REFORT )
3 ELSE & = ( SERIAL # COMMD 2 )
10 IF SEND.S/N ( YES, SEND #'5)
11 THEN
12 THEN © ( FLAG NOT FOLL/REEOLL )
13 THEN
14 ELSE NOT ¢ NO MATCH, RETURN FALSE )
15 THEN ; .S

466 LIST

@ ( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE )

(o

¢ CRC-167 ( -— ¥, DETER. IF CRC—-16 BCC SENT IS VALID )
ETXPTR @ STYXPTR & &pup - { SETUP COUNT & FTR )
SWAF 1+ pre-16 PAUSE S { CALCULATE CRC-16 )
SWAP 1+ @ ( GET CRC~1€& IN BUFFER )

= : ( RETURNS TRUE IF = )

el o T SR
MEMM~SAOm~mou & 0T
m

467 LIST
0 ( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE 1
L
& = FIND.ETX ( a — f, FINDS POSITION OF “"ETx" CHAR IN COMMBUFF )
3 FAUSE O ETXPTR !
4 COMMBUFF 1& + SWAp ( START AT a
= DN I CE 16 = { DLE CHAR ? 3
& IF T 1+ ClE 5 = ( ETX CHAR 7
Fi IF-I 1+ ETXRTR | { POINT TO ETX CHAR )
(=] 1 LEAVE ( FOUND ETX CHAR )
3 ELSE 2 { SKIF NEXT CHRAR )
10 THEM
11 ELSE: 1 ( TRY NEXT CHAR )
1z THEM
13 +LO0OF ETXPTR @ PAUSE ; ( RETURN ETX POSITION )
14

15 .85




468 LIST =

0 oofSOR INTER-A5S5Y COMMUNICATION TASK ROUTIMNE )

1

2 ¢ FIMD.STX ¢ a — ¥, FINDS POSITION OF "STX" CHAR IN COMMBUFFE )
& FPAUSE O STXPTR !

4 COMMBUFF 8 + SWAR ¢ START AT a 3

S DO I C 16 = ( DLE CHAR ?

6 IF I 1+ C@e g = ( BTX CHAR 7 )

7 IF I 1+ STXFTR ! ( POINT TO STX CHABR )

8 1 LERVE ( FOUND STX CHAR )

3 ELSE" 2 {( BKIP NEXT CHBR )
16 THEM
11 ELSE 1 { TRY NEXT CHAR )
12 THEN
13 +LOOF STEFPTR & PAUSE i ( RETURN STX POSITION )
14
1358

489 LIST

b { SENSOR INTER=-ASSY COMMUNICRATION TASK ROUTINE )

1

2 : FIND.MESS ( —— f, LOCATES MESSAGE & CHECKS CRC—16 CHSUM )

b COMMEBUFF 1+ FIND.STX DUP ( FIND DLE/STX CHRARS 7 )
= IF 1+ FIND.ETX ( FIND DLE/ETX CHARRS 7 )
5 IF CRC=167 ( CK IF CREC-16 YALID )
& ELSE © { FLAG MO MESSAGE )

7 THEN

8 THEN =

9
10
11 '8

12

13

14
IS5

470 LIST

0 { SENSOR INTER-ASSY COMMUNMICATION TASK ROUTINE )

1

& : PROCESS.BUFF ( YERIFIES CRC—1& & IF POLL/REFOLL REQUEST )

3 FIND.MESS ({ LEGAL RERUEST 2 1}

&4 IF FOLL. REQ@? ( FOLL OR REPOLL REQ@. 7 )
=] IF RESPOMND ( RESFPOMD TD REQUEST )

= THEM

7 THEN 3

a8

9

10

11 .85

1z

13

I ETared
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471 LIST ey L

{ =cMEDR INTER-ASSY COMMUNICATION TASK ROUTIMNE 3

1

2 ¢ INTER.ASSY { HANDLES COMMUNICATION WITH INDICATOR/RECORDER )
3 BEGIN COMMBUFF 40 ERASE ¢ CLEAR REC. BUFFER})
o COMMEBUFF 1+ 39 EXPECT ¢ BETURP FOR RECE. )
= COMMBUFF C@ { REC. RERDUEST 7
& IF FPROCESS. BUFF ( PROCESS RER. )

7 THEMN FPAUSE

= AGARIN ;

9
10 5
11
12
13
14
15

472 LIST

o

1

=

£

5

&

7

a8

9
10
i1
1=
13
14
15

473 LIST

0 ( SENSOR INTER-ASSY COMMUNICATION TRAS5K ROUTINE )

1 HEX

2 ¢ POLL.REQR? ( —— f, CHECKS IF POLL/REPOLL REQUEST )

3 STXPTR @ 1+ C@& DURF { GET OFCODE )

& S0 AND 10 / CONFIG C® 3 AND = ( SAME SENSOR # 7 3
3 IF DUP 7 AND DUP 1 = ( POLL QR )

(= SHAF 2 = OR NOT ( REPOLL 2 )

i IF OF AND Dup 7 = { REFPORT COMMAND 7 3
a8 IF DROFP SEND. REFPORT ( YES, EEND REPORT )
= ELSE & = { SERIAL # COMMD 7 )
10 IF SEND.S/N ( YES, EBEND #'5)

11 THEM

b THEN © ¢ FLAG NOT POLL/REPOLL
13 THEN

14 ELSE NOT ¢ MO MATCH, RETURN FALSE )
15 THEMN 3 .5



Pl T EL

474

475

476

LIST

C.u

T i A T ) O o R

LIST

{

( POLL.REQ? TEST )

CVARIARBLE COMFIG
VARIABLE STXFTR
EVARIAEBLE S5Tx+1

5

SEND. REFORT 123 ;
SEND. B/N 455 1
@ CONFIG C! STX+1 STXPTR !

k]
]

-

O ( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE 3

1 HEX
FOLL. REQ?

LIST

(=B I I ) = Y TR

1cC

( —— f, CHECKS IF POLL/REPOLL REGUEST )
STXPTR @ 1+ C& DUP { GET OFCODE )
30 AND 10 / CONFIG C® 2 AND = ( SAME SENSOR # ?)
IF DUP 7 AND DUP 1 = SWAP 2 = OR ( PL OR REFL RED 2)
IF
ELSE OF AND DUP 7 =
IF DROP SEND. REEORT
ELSE & =
IF SEND.S/N
THEN
THEN © { FLAG NOT POLL/REFOLL )
THEN
ELSE NOT
THEN 3 .S

REFORT COMMAND 7 )
YES, SEND RERORT
SERIAL # COMMAND )
YES, SEND #'S)

B R R

( SENSOR INTER-ASSY COMMUNICATION TASK ROUTINE )

HEX
FOLL. REQ?

{ == ¥, CHECHS IF POLL/REPOLL REQUEST

STXPTR @ 1+ CE DUP ( GET OPCODE )
7 AND DUP 1 = SWAR & = OR ( REPOLL REG ? )
IF 30 AND 10 / CONFIG C&@ 3 AND = ( SAME SENSOR # )
ELSE 20 AND 10 / CONFIG CE 3 AND =
IF oF AND DUR 7 = ( REFORT COMMAND 7 )
IF DROF SEND. REPORT ( YES, SEND REPORT )
ELSE & = ( SERIAL # COMMAND )
IF SEND. 5/N ( SEND NUMEERS )
THEN
THEM
THEN © ( FLAG NOT POLL/REFOL )
ELSE NOT
THEN ; .S

. _.-..__ i



Lo T

477 LERT

LR R O R ) S P e

479 LIST

Lo T = BN A i & B Y O

[

el ]
o =

FoLL

J ¢ POLL.RER?T TEST PART

INTY 33 1

DO I 5TX+1

POLL. REQ?
LOOF .5 ;

2 3

1+ O}
STXFPTR &=

i+ CE |



480 LIST Bl g

V ooXT0R INTERRUPT SANDLERS 1/14/87 )

HEX
LABEL ireturn ( INTERRUFT RETURN HAMDLER )
Uu'Por 1 FODP O POFP IRET

CODE DIVERR ( DIVIDE BY O/0VERFLOW; INTERRURPT O VECTOR RTH 3
O QO MOV IRET

—
O N4 <R e B ) S (RS R

1l .8

e

13
14
15

481 LIST

0 { SENSOR INTERRUFPT HANDLERS 1/14/87 )

1

& HEX

< LABEL (INTRO} ( SPURIOUS INTERRUPT HANDLER )

4 SPURCNT INC 1IRET

]

&

7

8

9

10
11

12

1238

14

1=

482 LIST

0 ( SENSOR INTERRUPT HAMDLERS 1714787 )

i

2 HEX

3 LABEL (INTR1l) ( 8&52 UART ‘DATA READY' INTERRUPT HANDLER )
i o PUSH 1 PUSH U RUSH ( SAVE REGS )

5 "OPERATOR # U MOY comm/trx O MOV B (. BET EHAR )

= 89 #B CTR U) TEST o ( EXFECTING CHARS 7 )
7 IF PTR U} W XCHG O W 3 pOV E { STORE CHAR )
8 W INC PTR W) W XCHG ¢ INC. PTR 3

= ENT U} INE CTR Uy INC G= ¢ CTR = Q% )
14 IF O #EB COMMBUFF MOV { FLAG BRAD BUFFER )
11 WAHRE # STATUS U} mOY { AWAREN I/A TRASK
2 THEM

13

14 .5




_1;_:-_::.;._

483 LIST iy —

O { SomR0R INTERRUET —-BNDLERS 1/14/,87 )

1

2 HEX

= ELSE 1 #B TESTFLAG TEST o= NOT { TESTING LODPEACE 2 )
& IF O CHARBUFF MOy & ( SAVE LOOFRBACK CHAar )
i t #B TESTFLAG MOV { CLEAR TEST FLAG 1}

& THEN

Fi THEM ireturr JIME

8

9

1
i1

=2
13
14 .9

15

484 LIST

0 ( SENSOR INTERRUPT HEBNDLERS 1414787 )

X

2 HEX

3 LABEL {(xmit) ( B252 UART ‘TRANSMIT COMPLETE! INTERRUP'T HANDLER )
i CTR Uy o MOV O ¢ OR o { HAVE CHARRS TO XMIT ™
=] IF PTR U} I XCHG LODS ® { GET CHAR FROM BUFFER)
& PTR U) I XCHG O comm/tr MOV B ( XMIT CHAR )

7 CTR U} DEC 0= {( XMIT LAST CHAR 7 )

] IF WAKE # STATUS W mov ¢ AWAKEN T1/8 TaASE )

3 ELEE CTR U} o mOov B { GET # OF CHARS )
10 O CHARCNT CMFP B 0= ( 15T CHAR XMITTED 2 3
i1 IF 1 #B TESTFLAG mOv { FLAG TO SAVE LOOFPEBACK CHAR )
12 THEN
1.3 THEM

14 THEMN RET
13 .8
483 LIST

0 { SENSOR INTERRUPT HANDLERS 1/14/87 )

1

2 HEX

3 LABEL (INTRZ) ( Besa UART " INTR' INMTERRULT HAMNDLER ¥

i o PUSH 1 PUSH W PUsH { SAVE REGS )

= "OFERATOR # U MOV  econm/ese 0 MOV B ( GET STATUS )

& O 1 MOV E =20 #B O TEST €= NOT ( ¥MIT COMPLETE % )

7 IF {(xmit} CALL

=] THEMN 10 #B 1 TEST O= NOT { MODEM STATUS 7 )

= IF commimsr O MmOV E ¢ GET MODEM STATUS )
10 Z HEBE O AND ({ MASK & INVERT DSR )
11 2 #B O XOR 0= { CD NOT PRESENT 7 3
1z IF 2 #B CDFLAG TEST K= NOT { CARR PRESENT EBEFORE?)
13

14 .85



488 LIST

U ( SENSOR 8352 "INTR" INTERRUFT HANDLER 7/28/86 )

1

= HEX

& IF 1 #B COMMBUFF mOw { FLAG RECD. AMISSION )
@ O # CTR U} mav ( ELR REC. BUFFER CTR )
5 WAKE # STATUS U) MOV { AWAKEN I/A TASK )

& THEM

7 THEN O CDFLAG MOV E ( SET/RESET CD FLAG )
8 THEN ireturn JMD

3
10
11
1=

3 .5
14
15
487 LIST

¢ { SBEMSOR NMI TIMER INTERRUPT HANDLER 7/28/86 )

1

2 HEX

4 LABEL <{timer) ( B254 timer service routine)

4 O PUSH 1 PUSH U PUSH ™ PUSHF

o FHRSE O MOV H 00 INC

& OF # O AND O PHASE mOY B ( mod B entr)

7 1 #B ACQUIRE MOV ( START DATA ACOUISITION )
8 1 #F RAMFLAOG mMOw ( 8YMC START OF RAM TEST )
9 0 # MMICHKCHNT MOV ( BET NMI CHECK FLAG )

10 FORPF ( RESTORE FLAGS)

11 ireturn JMP

12

13

14 .5

-
n

488 LIST
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498 LIST

439

S00

_ e
Lt LY I v RN o T o R - T Y R P

e
Led 1

14
15
LIST '
O { McCLELLAMN SENSOR PHESSURE SNESOR POWER-UR ROUTINE Z/29/89)
1
2 1 BARD. INIT ¢ INITIALIZE FRESSURE SAMPLE SumMs)
= B/T.ADJUST { A/D ADJUST SAMELES)
4 B M* BHAROSUM 2! ‘ { SCALE URP BND SAvVE)
S hit.dog
& B M* BTEMRSUM 21 - { BCALE UFP AND SAVE)
-
e
= e
10
11
12
13
L4
15
LIST
0 ( McCLELLAN SENSOR ELEMENT POWER UE RAMP ROUTINES 15/1/86)
1
2 : GET.TEMR ( —-— RERD TEMFRERATURE )
= A/DFARILCTR Ci@ 1O ¢ { A/D FRILURES =)
4 IF O TEMREVOLTL ! O VOLTS ' 4 O ¢ CLEAR VARIAEBLES)
i DO 4 a/d.sample TEMPVOLT1 +! { tempsense )
& & a/d.sample VOLTS +!
7 LOoF TEMEVOLTL @ VOLTS @ 1STVOLTS 2! ( ®x%#%#*)
a8 CONVERT. VAT
3 THEN
10 HEX
11 : SENSOR.ENAELE ( ENABLE THE WIND SENSORS
12 28 set.csrbit { SET THE ENRELE BITS )
13
14 .5



S0l LIST - =

MoTUELLAON SENSOR ELEMENT FOWER UF RAME ROUTINES 12/1/886)

=

= @ ENMDL.FOINTS ( t —= hp, lp DETERMINE END POINT OF RAME )

5 O INTERP.ELRES ( FIND STARTING POINT}

4 10000 + { SET OVERHEAT TD 100 DEG. C

= 1 INTERP.ELRES DROF { FIND ENDING FOINT)

& D/ROUTBUF 2@ )

-

8 : TEST.TEMP ( — t TEST TEMPERATURE FOR VALID RAMNGE )

9 TEMPERATURE & DUP -—7oo00 < ( TEMP { =70 DEG C 7)

10 IF DROFP © { SBET 70 & DEB. C )

11 THEN 3

12 .5

12

14

IS
S0z LIST

¢ ( McCLELLAN SENSOR ELEMENT FOWER WP RAME ROUTINES /22487

1

2 1 18T.8ETPT ( — INITIALIAL SETTING OF ELEMENT TEME )

& A/DFAILCTR C& 10 ¢ ( A/D FRILURES )

4 IF O TEMPVOLTL ! @ wOLTS ! { CLEAR VARIABLES)

S O VBARD ! O VBTEMR ! 4 0

& 0 A/D. READ ( SAMFLE INPUT)

7 LOOR

a VBARD @ VEBTEMP @ 1STVDLTS &! ( #xk¥xxx)

9 SET_ELEMENT_TEMF dac.load { BET ELEMENT TEMP)

10 10000 O

1% DO hit.dog { BLLOW TO SETTLE

1= LOoR

13 THEN 3 .8

14

15
503 LIST

( McCLELLAN SENSOR ELEMENT FOWER UF RAMP ROUTINES 12/1/88)

: RAMP. GEN { hp, 1lp — OUTFUT A RAMP TO THE D/As 3
DO I I 2pup d/astuff
dac. laad 120 4 { OUTPUT WALUES )
00 hit.deg ¢ HIT WATCHDOG WHILE WAITING)
LOOF
LOCF ;
« B

- et
H oW~ EWG-0

1=
i3
14
5



| 1.':_2.*."
5‘:’4 LIET e — - T

\MoZLELLAM SENSOR ELEMENT FOWER up RAMF ROUTINES l2/1/86)

1

= : RAMR.URP ¢ -= READ TEME & Ramep ELEMENTS TO UFERATING FOIMNT)
= GET. TEMP TEST. TEMP { READ TEMFP & TEST IT)
o hit.dog

=] END. FOINTS { COMPUTE RAMP END POINTS 3
E DUF DUP ZDUP d/astuff

K dac. load { LOAD A/D WITH lp:

B SENSOR. ENGELE RAME. GEN { ENABLE A/D=s & RAMP up)
3 hit.dag
10 15T. SETPT { BET ELEMENT TEMP
11 BARD. INIT ; { INITIALIZE PRESSURE )
14 .5
15

oUs LIST

(8]

1

=

=

4

o

&

7

8

9

10
11

ig

13

14

13

S0& LIST

(0]

1

=

&

4

5

&

5

a

9
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